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Chapter 1 Executive Summary
1.1  General Introduction

The CALFED Bay-Delta Program was established in 1995 to develop a long-term
comprehensive plan to restore ecological health and improve water management for
beneficial uses of the Bay-Delta system. The Integrated Storage Investigations
Program was initiated by CALFED agencies in 1999 to support efforts towards meeting
the goals defined under CALFED’s comprehensive water management strategy. The
plan entitled “California’s Water Future: A Framework for Action” dated June 2000
states that one of CALFED’s primary goals is to improve the reliability of California’s
water supply. The plan further states that development of new storage is an important
component of the overall strategy to meet competing environmental and other water
supply needs.

The CALFED Record of Decision (ROD) identified five surface storage projects:
Enlarged Shasta, Los Vaqueros, Sites Reservoir, 250 to 700 TAF of additional storage
in the upper San Joaquin River watershed and In-Delta Storage. The purpose of new
storage in the Delta is to increase operational flexibility for the Central Valley Project
(CVP) and the State Water Project (SWP) and provide ecosystem benefits in the Delta.
The ROD included an option to explore the lease or purchase of the Delta Wetlands
(DW) Project, a private proposal by DW Properties or to initiate a new project, in the
event that DW Project proves cost prohibitive or infeasible.

A joint reconnaissance level study by the U. S. Bureau of Reclamation (Reclamation)
and California Department of Water Resources (DWR) for the DW Project and
alternatives, completed in September 2000, concluded that the In-Delta Storage Project
would meet the goals of operational flexibility and provide other beneficial uses in the
Delta.

The participating agencies initiated a project study of the In-Delta Storage Project in
January 2001. The project study included investigations related to operational flexibility,
water quality, engineering, environmental, economic, and policy and legal evaluations.
This water quality report presents information on four water quality studies that were
done to assess the technical feasibility of the DW Project. The four studies are
presented as separate chapters in this water quality report and include Water Quality
Modeling Studies (Chapter 2), Water Quality Field Investigations (Chapter 3), Biological
Productivity Studies (Chapter 4) and Temperature and dissolved oxygen (DO) Studies
(Chapter 5).

1.2 DW Project Description

Federal and State entities would either lease or acquire the DW Project from DW
Properties and would operate it in accordance with the terms and conditions of the
Permit issued by the State Water Resources Control Board and all other permits,
agreements, and limitations imposed on the project. The following is a brief discussion



of the DW Project. For a more detailed discussion see the In-Delta Storage Program

Draft Report on Engineering Investigations.

DW Properties proposed a water storage and wetland project utilizing four islands in the
Sacramento-San Joaquin Delta (Delta). The project would divert and store water on
two of the islands, Webb Tract and Bacon Island (reservoir islands) (Figure 1-1). DW
Properties would create or enhance wildlife habitat and wetlands on Holland Tract and
Bouldin Island (habitat islands). Water would be seasonally diverted onto the habitat
islands to use for wildlife habitat and wetland creation, enhancement and management.

Figure 1-1. Proposed island usage under the DW Project
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The project would primarily consist of:

* Improving and strengthening the levees of Webb Tract and Bacon Island to meet or
exceed the criteria outlined in DWR Bulletin 192-82. Levee improvements would
address erosion caused by wind and water waves action through placement of rock
revetment on the slopes of the levees. The maximum water level in the storage
reservoirs would not exceed +4 above mean sea level (MSL), providing a storage
capacity of about 217 thousand acre-feet (TAF).

» Installing two new intake siphon stations along the perimeter of each reservoir
island. Each station would incorporate 16 new 36-inch in diameter siphons. The
rate of diversions would vary with pool elevation and water availability. The
maximum rate of diversion onto either Webb Tract or Bacon Island would be 4,500
cubic feet per second (cfs) and the combined maximum daily rate of diversion onto
all four islands, including diversions to habitat islands, would not exceed 9,000 cfs.
The combined maximum monthly average rate of diversion would be 4,000 cfs.

» Installing drum-style fish screens, similar to those used for agricultural diversions,
around the intake of each of the 64 new and 57 existing siphons on both the
reservoir and habitat islands.

* Installing two new discharge pump stations on the reservoir islands, including one
discharge pump station with 32 pumps on Webb Tract and another discharge pump
station with 40 pumps on Bacon Island. All discharge pipes would be 36-inch-
diameter. The installed pumps would be an assortment of axial-flow and mixed-flow
pumps to accommodate a variety of head conditions and flow rates throughout draw
down. Discharges would be pumped at a combined maximum daily average rate of
6,000 cfs, including discharge from the habitat islands. The combined monthly
average discharge rate would not exceed 4,000 cfs.

The diversion of water onto the habitat islands is restricted to the existing water rights
held by DW Properties and is limited to 200 cfs, 19 TAF annually. The 200 cfs amount
is included in the maximum daily and monthly average rates of diversion listed above.

The habitat islands would be created and managed as proposed in the DW Project.
See Section 3.2.2 of the In-Delta Storage Program Draft Report on Environmental
Evaluations for a detailed description of the DW Habitat Management Plan.

As part of the Integrated Storage Investigations Program, and for the purpose of
improving the DW proposed operations, Reclamation/DWR considered a Re-
engineered Alternative. This alternative includes the same reservoir islands and habitat
islands as the DW Project but changes the design of the levees and consolidates the
121 diversion structures and 72 discharge pumps for releases of water into four
integrated facilities. For a more detailed discussion of this alternative, see the In-Delta
Storage Program Draft Report on Engineering Investigations.
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To further improve DW Project operational flexibility, another management option has
been considered that replaces Webb Tract with Victoria Island and provides for a direct
connection of Victoria Island to Clifton Court. In this case, Bacon Island and Victoria
Island would be the reservoir islands and diversion and release of water would be
realized through the use of two integrated facilities. In addition, water would be
siphoned directly from Victoria Island to Clifton Court by gravity or pumping through a
new siphon and pumping combination conveyance facility. For a more detailed
discussion of this alternative, see the In-Delta Storage Program Draft Report on
Engineering Investigations.

1.3  Water Quality Requirements

The water quality requirements are set forth in the SWRCB Decision 1643 and the
Water Quality management Plan (WQMP) as agreed by DW Properties and the
California Urban Water Agencies (CUWA).

1.3.1 General

1) Discharges of water from the DW Project shall not cause: (1) an exceedance of any
applicable water quality objective in a water quality control plan adopted by the
SWRCB or by the RWQCB; (2) any recipient water treatment plant to exceed the
maximum contaminant levels for disinfection byproducts as set forth by EPA in Title
40, Section 141.12 & 141.30. The regulated classes of disinfection byproducts are
trihalomethanes, haloacetic acids, chlorite, and bromate (SWRCB, condition 14.a.).

2) For the purpose of determining that the DW Project has caused an exceedance of
one or more of the operational screen criteria, an uncertainty of 5% of the
screening criteria will be assumed.

1.3.2 Long-Term

The Project is required to mitigate 150% of the net increase in TOC and salt (i.e. TDS,
bromide and chloride) loading greater than 5% in the urban diversions due to Project
operations.

1.3.3 Total Organic Carbon

1) The project operation shall not cause or contribute to TOC concentrations that will
violate either criteria:

* Increase in TOC concentration at a SWP, CVP, CCWD pumping plant, or at a
receiving water treatment plant that will cause the limit of 4.0 mg/L (14-day
average) to be exceeded;

* Incremental increase in TOC concentration at a SWP, CVP, or CCWD pumping
plant of greater than 1.0 mg/L (14-day average) (SWRCB, condition 14.b.).

11



1.3.4 Chloride

1) Chloride concentration shall not:

* Increase more than 10 mg/L chloride concentration at any of CCWD’s intakes

» Cause any increase in salinity of more than 10 mg/L chloride (14-day running
average salinity) at any urban intake in the Delta

» Cause or contribute to any salinity increase at one or more urban intake in the
Delta if the intake is exceeding 90% of an adopted salinity standard (Rock
Slough chlorine standard defined in SWRCB Decision 1641)

(SWRCB, condition 14.c.)

1.3.5 Disinfection Byproducts

DW Project operations will be curtailed, rescheduled, or constrained to prevent impacts
on drinking water quality at any water treatment plant receiving water from the Delta
based on the following screening criteria (WQMP, Exhibit A, Attachment 2, condition B)
if DW Project operations cause or contribute to:

1) Modeled or predicted Total Trihalomethanes (TTHM) concentrations in drinking
water in excess of 64 ug/L, as calculated in the raw water of an urban intake in the
Delta or at the outlet of a water treatment plant.

2) Modeled or predicted bromate concentrations in drinking water in excess of 8 ug/L,
as calculated in the raw water of an urban intake in the Delta or at the outlet of a
water treatment plant.

1.3.6 Dissolved Oxygen (DO)

1) No discharge of stored water if the DO of stored water:
* Islessthan 6.0 mg/L, or
» Causes the level of DO in the adjacent Delta channel to be depressed to less
than 5.0 mg/L, or
» Depresses the DO in the San Joaquin River between Turner Cut and Stockton to
less than 6.0 mg/L September through November. (SWRCB, condition 19.a.)

1.3.7 Temperature

1) No discharge of stored water if:

* The temperature differential between the discharge water and receiving water is
greater than 20° F,

» It will increase the temperature of channel water by more than:
= 4° F when the temperature of channel water ranges from 55° F to 66° F
= 2°F when the temperature of channel water ranges from 66° F to 77° F
= 1° F when the temperature of channel water is 77° F or higher

(SWRCB, condition 20.b.)

12



1.4

1.4

1.4

Scope of Work

.1 Modeling Studies: The following work was done in support of the water quality

modeling studies in order to assess the feasibility of Project operations under the
WQMP:

Modify the DSM2 planning study setup to ensure compatibility with daily information
from CALSIM2. Code and incorporate a reservoir release water quality module into
DSM2.

Complete several DSM2 input data tasks, including development of a non-repeating
planning tide and salinity regression relationships at urban intakes.

Develop CALSIM2 Atrtificial Neural Network modules that will ensure that the DW
Project meet D-1641 salinity objectives. Develop CALSIM2 linear programming
constraints and simplified operating rules that adequately represent the WQMP.
Evaluate water quality impacts of operating the DW Project according to
assumptions in the 2000 revised EIR/S.

Conduct DSM2 studies employing Delta hydrology and operations provided by
CALSIM2 studies and identify any exceedances of the WQMP. Evaluate water
quality impacts of the DW Project and any limitations to operations under WQMP
constraints.

.2 Water Quality Field Investigations: The following work was done as part of the
field investigations to estimate the TOC loading from peat soils on the reservoir
islands.

Review existing work on water quality impacts by DW consultants.

Evaluate range of likely DOC concentrations and loads expected in DW discharges
based on work done by DW, DWR, and USGS.

Provide input for water quality modeling runs, including DOC ranges, times of filling
and draining, and ambient channel DOC levels at those times based on MWQI
historical data.

Evaluate expected water quality impacts from seepage control well systems.
Provide support to modeling studies to evaluate ability of DW Project to operate
under the WQMP.

Using EPA Treatment Cost model, evaluate economic impacts of any DW DOC
impacts at the treatment plants.

Evaluate expected costs of required DW water quality monitoring program.
Perform soil analyses for the DW Proposal for organic carbon content to allow
comparison to existing field data on test DOC sites in the Delta or SMARTS facilities.

13



1.4.3 Water Quality Biological Productivity Studies: The following work was done
as part of the biological productivity studies to estimate TOC loading from plant
growth on the reservoir islands.

» ldentify key parameters affecting plant growth and degradation on the islands.

» Develop tractable groupings of plants that can be related to conditions on the islands
and develop algorithms to describe plant growth.

» Analyze fate of organic carbon fixed on the islands during plant growth and develop
algorithms to describe degradation and release of organic carbon to the Delta
channels.

» Examine carryover affects from fill to fill and develop method of accounting for this in
the modeling.

1.4.4 Water Temperature and DO Studies: The following work was done as part of
the temperature and DO studies in order to assess the ability of the project to
meet the aforementioned temperature and DO criteria.

* Analyze observed temperature and DO data to provide a range of values for the
Delta and establish upper and lower bounds.

» Develop temperature and DO models for the reservoir islands based on heat budget
and DO balance, respectively.

» Asses impacts to Delta channel water using mass balance equations.

1.5 Study Findings, Conclusions and Recommendations
1.5.1 General

1511 Key Findings and Conclusions: Integration of the four water quality
studies resulted in the general conclusion that:

« DSM2 Model runs showed exceedances of WQMP, DOC criteria at the urban
intakes.

* DOC and disinfection by-product impacts could be higher than reported in the model
simulations, as the simulations did not account for reservoir biological productivity.

» Additional impacts or reductions in yield could occur due to other water quality
criteria, especially temperature and dissolved oxygen criteria.

* Compliance with the WQMP and SWRCB criteria would reduce water quality
impacts to acceptable levels at the cost of reduced Project water supply.

» Project re-operations could likely reduce water quality impacts and increase supply.

1.5.1.2 Recommendations
» Additional studies are needed to quantify the reduction in supply associated with
meeting water quality criteria.

» Additional studies are also required to determine how re-operation of the Project
might avoid or minimize water quality impacts without reducing supply.

14



Subsequent studies should consider reservoir biological productivity.

1.5.2 Modeling Studies

1521 Key Findings and Conclusions: Results from the water quality modeling

studies can be summarized in three key findings:

Alternative 2 has water quality impacts at all Delta urban drinking water intakes.
Delta hydrology under the modeled scenario was such that a large percentage of
Project releases, particularly Bacon Island releases, were drawn through Old River
to the urban diversions. Project impacts, measured on both a short-term scale
(monthly) and a long-term scale (3-year average), were more substantial for DOC
than for TTHM and bromate. Water quality impacts could likely be reduced through
Project re-operation.

Exceedances of chloride criterion occurred in fall months without major Project
releases or diversions and appear to result from CALSIM2 re-operation of the
CVP/SWP system. The Project improved chloride concentrations at Banks Pumping
Plant about 60 percent of the time.

Project water quality impacts could be higher than reported in the model simulations.
The water quality modeling studies did not account for changes in Project reservoir
DOC concentrations due to bio-productivity and seepage returns. These factors
could significantly increase the impact of Project releases at urban intakes.
Alternative 2 Project water supply benefit is uncertain due to water quality impacts.
Adding operational constraints to meet WQMP screening criteria would likely reduce
Project water supply benefit for SWP/CVP exports. However, the actual reduction in
Alternative 2 water supply benefit is unknown at this time.

1.5.2.2 Recommendations

* Implement and refine CALSIM2 water quality operating rules through iteration
with DSM2.

» Explicitly consider Project reservoir bio-productivity in subsequent water supply
and water quality evaluations.

* Refine subsequent DSM2 modeling assumptions and output analysis as outlined
in Chapter 2.

1.5.3 Water Quality Field Investigations

1.53.1 Key Findings and Conclusions: Field studies done to estimate TOC

loading from peat soils indicate that:

Carbon loading can be modeled using logistics equations representing flooding of
islands with low and high organic peat soil and predicted concentrations at about 7 -
9 and 20 mg/L, respectively. These concentrations are generally lower than those
found in agricultural drainage, or the no-project condition. However, the volume of

15



agricultural drainage discharged from the islands is probably much less than would
be discharged from reservoirs filled to a water depth of 20 feet.

About 50 to 80 percent of the maximum carbon loading would be reached in 5
months and over 90 percent after 10 months of storage, under the DW Project winter
filling schedule.

15.3.2 Recommendations

Develop laboratory methods to correlate soil characteristics with organic carbon
release and possibly develop additional logistics equations for different soil types.
Update island soil survey to better understand the distribution of organic carbon
availability.

Do additional experiments to determine how management practices such as tilling
the fields prior to flooding affect organic carbon loading.

Do additional experiments to determine how alternating wet and dry periods affect
microbial processes.

154 Water Quality Biological Productivity Studies

1.54.1 Key Findings and Conclusions: Results from the biological productivity

study, based on the current literature and work and experience in the
Delta and California, indicate that:

Diversion and discharge timing are likely to be important factors that will determine
what types of plant will dominate on the reservoir islands, how productive they’ll be
and how much fixed carbon will end up discharged.

Phytoplankton is likely to dominate the first three to five years and contribute to TOC
loading by about 1 to 6.5 mg/L. After that, submersed macrophytes will probably
take over and contribute about 1 to 10 mg/L.

Aquatic plant productivity would be highest under drained conditions and emergent
plants would contribute about 5 to 50 mg/L.

1.5.4.2 Recommendations

Further evaluations are needed to investigate the complex ecological processes that
will affect both short term and long term plant growth and carbon export for the
reservoir islands.

Begin experiments similar to the SMARTS peat soil studies but with a plant and algal
productivity component included this winter 2001-2002. Results form this study
should then be used to develop a bioproductivity module for CALSIM similar to the
one developed for peat soils. Results should also be used to determine the direction
of later, larger scale studies that will further reduce uncertainty.

16



1.5.5 Water Temperature and DO Studies

1551 Key Findings and Conclusions: Results from the temperature and DO
modeling indicate that:

» Based on three years of data, water temperature differentials between the proposed
reservoirs and Delta channels ranged from 1 to 9 °F.

1.55.2 Recommendations

* Additional modeling studies are needed to quantify the possible affects of
temperature criteria on project yield.

17



Chapter 2 Water Quality Modeling Studies

2.1 Description of Model Scenarios

Two model scenarios were evaluated as part of the In-Delta Storage water quality
evaluation; both scenarios reflect Delta operations in accordance with SWRCB Decision
1641. The first scenario is a “base case” without In-Delta Storage Program facilities.
The second scenario represents the In-Delta Storage Program “Re-engineered
Alternative” as described in the Summary Report (ISI, 2002a). The second scenario is
herein referred to as Alternative 2. Both model scenarios assume Delta hydrology and
operations as provided by CALSIM2 model simulations and described in the Operations
Study Report (ISI, 2002b).

Alternative 2 represents a modification of the originally proposed Delta Wetlands
Project. In this alternative, Federal and State entities would acquire the Project from
Delta Wetlands Properties and would operate it in accordance with the terms and
conditions of the permit issued by the SWRCB and all other permits, agreements, and
limitations imposed on the Project. The Project, as proposed by Delta Wetlands
Properties, would include water storage and managed wetlands utilizing four islands in
the Delta. The Project would divert and store water on Webb Tract and Bacon Island
for export enhancement and seasonally divert water to create and enhance wetlands
and wildlife habitat on Holland Tract and Bouldin Island. Modifications to the originally
proposed Delta Wetlands Project include the relocation of intake/diversion structures.

2.2 Methodology
2.21 Tools

The water quality modeling studies were conducted with the Department’s Delta
Simulation Model (DSM2). DSM2 was calibrated and validated for flow, stage and
electrical conductivity (EC) in collaboration with the DSM2 Interagency Ecological
Program Project Work Team. The model was also successfully validated for the
transport of dissolved organic carbon (DOC) (DWR, 2001).

DSM2 simulations covered the 16-year period October 1, 1975 through September 30,
1991. Daily varying Delta hydrology and operations for the study period were provided
by CALSIM2 as input to the DSM2 simulation. CALSIM2 rules were developed (DWR,
2002) to approximately meet the water quality screening criteria spelled out in the Delta
Wetlands Water Quality Management Plan (WQMP, 2000). However, scheduling
deadlines did not allow for these rules to be implemented in CALSIM2.

Several new features were developed for DSM2 in support of the In-Delta Storage water
quality evaluations. The key enhancements were (1) modified hydrodynamics,
hydrology and operations input and (2) a dynamic flooded island algorithm. These new
features are described briefly in the following paragraphs.
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DSM2 planning studies typically utilize CALSIM2 hydrology and operations as input. In
the past, CALSIM2 has provided this input on a monthly time step. As part of the In-
Delta Storage evaluations, CALSIM2 was enhanced to simulate Delta operations on a
daily time step. Several complex modifications were made to the DSM2 planning study
setup to ensure compatibility with daily information from CALSIM2. The DSM2 planning
study setup was also modified to accommodate a historical based (non-repeating) tide.
Previous DSM2 planning studies utilized a 25-hour repeating tide to represent the
model’s downstream boundary at Martinez. While such an approach is computationally
advantageous when used in conjunction with a monthly varying hydrology, it does not
allow for the evaluation of spring-neap effects. A 16-year historical based planning tide
was developed to reflect approximate historical conditions for every computational time
step (i.e. 15 minutes) of the DSM2 simulation period (DWR, 2001). Using this historical
based tide, DSM2 provides more meaningful hydrodynamic and water quality responses
to daily changing hydrology and operations and incorporates spring-neap tidal
variations.

As described in Chapter 3 of this report, an extensive literature review was conducted,
and experimental data were interrogated to develop a conceptual model and
mathematical algorithm that relates organic water quality changes in flooded Delta
islands to peat soil interactions. Key explanatory variables in the flooded island
algorithm include diversion water quality, residence time, season, water level, and soil
characteristics. This algorithm was coded and incorporated in DSM2 to provide a
dynamic simulation of water quality changes in the Project reservoirs.

2.2.2 Evaluation Criteria

The water quality modeling studies utilized the Delta Wetlands WQMP as the basis for
developing evaluation criteria. The WQMP identifies several urban intakes as having
the potential to be negatively impacted by the Delta Wetlands project. For these
studies, model results were evaluated at the following urban intakes: Old River at Rock
Slough, Old River at the Los Vaqueros Reservoir intake, Banks Pumping Plant and
Tracy Pumping Plant.

The WQMP outlines several screening criteria, including constraints on total organic
carbon (TOC), chloride, total trihalomethanes (TTHMs), and bromate. Water quality
values are generally specified as 14-day averages in the WQMP. In order to meet
scheduling deadlines, water quality modeling results were evaluated and expressed as
monthly averages. See DWR (2002) for a detailed discussion on how the WQMP
screening criteria were translated into modeling constraints. The key evaluation criteria
utilized in this study were as follows:

1. The Project cannot cause an increase in chloride of more than 10 mg/l, and it cannot

cause or contribute to any salinity increases at urban intakes exceeding 90% of
adopted salinity standards.
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2. The Project cannot cause an increase in TOC of more than 1.0 mg/l, and it cannot
cause TOC to exceed 4.0 mg/l at urban intakes.*

3. The Project cannot cause or contribute to TTHM concentrations in excess of 64 ug/l,
as calculated in raw water of urban intakes.

4. The Project cannot cause or contribute to bromate concentrations in excess of 8
ug/l, as calculated in raw water of urban intakes.

5. The Project cannot cause a net long-term increase in TOC and salt loading greater
than 5% in the urban diversions due to Project operations. For the In-Delta Storage
water quality evaluation, long-term impacts were calculated as flow-weighted 3-year
running averages.

2.2.3 Simulated Constituents

DSM2 model simulations were conducted for EC and DOC. Both water quality
constituents were assumed to behave conservatively in the Delta channels.
Conservative behavior has been assumed in other Delta simulations of organic water
quality transport (Hutton and Chung, 1992). As discussed in Section 2.2.1, non-
conservative behavior in the Project reservoirs (due to peat soil interactions) was
modeled. DOC was used as a surrogate for TOC and EC was used as a surrogate for
chloride and bromide in the model simulations. In order to meet scheduling deadlines, a
statistical relationship between ultraviolet absorbance at 254 nm (UVA) and DOC at the
urban intakes was developed using results from previous Delta Wetlands evaluations.
Simulated DOC and bromide (converted from EC) values, computed UVA values, and
approximate water temperatures were used to compute TTHM concentrations. Water
temperature was not simulated. Instead, an annually repeating time series was
assumed to represent water temperature at all urban diversions. Refer to DWR (2002)
for supporting documentation on simulated constituents.

2.2.4 “Bookend” Analysis

The water quality modeling studies utilized sensitivity or “bookend” analysis to
characterize changes in Project reservoir DOC concentrations. Thus, Alternative 2
includes a “low bookend” scenario and a “high bookend” scenario to cover the likely
range of Project impacts. This methodology was adopted to account for the high
degree of scientific uncertainty associated with peat soil interactions under flooded
island conditions. Bookend analysis was utilized in previous Delta Wetlands
evaluations.

! For the In-Delta Storage water quality evaluation, DOC was used as a surrogate for TOC.
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2.3 Key Assumptions

2.3.1 Project Configuration

The configurations of In-Delta Storage reservoir island intake and discharge locations,
as modeled by DSM2, are shown in Figures 2-1 and 2-2. Additional information on
Project configuration modeling assumptions is provided in the Water Quality Modeling
Technical Appendix (DWR, 2002).

Figure 2-1 DSM2 Representation of Bacon Island
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2.3.2 Delta Hydrology and Operations

The water quality modeling studies assume Delta hydrology and operations as provided
by CALSIM2 model simulations. Key Delta operations provided by CALSIMZ2 include
Delta Cross Channel gate operations and daily pumping rates at Rock Slough, Banks
Pumping Plant and Tracy Pumping Plant.

The CALSIM2 studies assume that all Contra Costa Water District (CCWD) diversions
were made at the Rock Slough diversion. As information was not readily available on
the expected operation of the Los Vaqueros Reservoir intake, diversions at this location
were not simulated in DSM2 and all CCWD diversions were assumed to be made at
Rock Slough. Nevertheless, water quality simulation results were evaluated at all
intakes. This simplifying assumption was expected to have little impact on Delta
hydrodynamics, water quality transport and overall study conclusions since CCWD
diversion volumes were small relative to total Old River flow.

Key Delta operations simulated in the water quality modeling studies (but not provided
by CALSIM2) include South Delta barriers, Clifton Court Forebay gates and the Suisun
Marsh Salinity Control Gate. The studies assumed operation of four permanent South
Delta barriers at the following locations: Old River at Head, Old River at Tracy, Middle

River and Grant Line Canal. Additional information on gate and barrier assumptions is
provided in the Water Quality Modeling Technical Appendix (DWR, 2002).

2.3.3 Delta Inflow Water Quality Boundary Conditions

Time series of Delta inflow DOC concentrations were developed from available flow and
water quality grab sample data to provide boundary conditions for DSM2. Field
observations suggest that organic concentrations can vary considerably during a month
at the model boundary locations, particularly during high precipitation runoff periods in
winter. But due to a lack of continuous DOC monitoring, a time interval of one month
was selected for the boundary condition time series. Delta inflow DOC boundary
conditions for the 16-year simulation period are shown in Figure 2-3. Standard DSM2

Figure 2-3a Delta Inflow DOC Boundary Conditions: 1975-1983
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Figure 2-3b Delta Inflow DOC Boundary Conditions: 1984-1991
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water quality boundary assumptions were employed for the EC simulations. Additional
information on the development of Delta inflow water quality boundary conditions is
provided in the Water Quality Modeling Technical Appendix (DWR, 2002).

2.3.4 Project Storage and Habitat Islands

Project reservoir evaporation and diversion/release flows were provided by the
Alternative 2 CALSIM2 operations study. Reservoir seepage return flows were not
modeled. Habitat island diversion and return flows, which are relatively small, were
assumed in accordance with the Delta Wetlands Environmental Impact Report (JSA,
2000). To ensure consistency with the CALSIM2 operations studies, Delta-wide
consumptive use (based upon a 2020 level of development) was held constant between
the Base scenario and Alternative 2. Thus, diversion and return flows associated with
Webb Tract, Bacon Island, Holland Tract and Bouldin Island under the Base scenario
were proportionally distributed among the remaining Delta agricultural islands under
Alternative 2. This methodology compromises a more accurate representation of a
Project “credit” (through reduced agricultural return flows and associated pollutant
loads) in favor of an overall water balance with CALSIM2. However, previous Delta
Wetlands evaluations show that the water quality benefits associated with the “credit” is
small (DWR, 2002).

With respect to water quality, Project reservoirs were modeled as fully mixed, i.e.
diversion volumes fully mix with storage volumes at each time step of the model
simulation. As a simplifying assumption, reservoir water quality was not updated to
reflect the concentrating effects of evaporation and the diluting effects of precipitation.
This more accurate modeling approach would have required extensive model
enhancements and would not have changed the model results significantly.

23



As discussed in Section 2.2.1, DOC was dynamically modeled as a non-conservative
constituent in the Project reservoirs. The algorithm describing water quality interactions
with peat soil, discussed at length in Chapter 3 and in the Water Quality Modeling
Technical Appendix (DWR, 2002), is based upon the following logistic equation:

A
DOC(t)=——
®) 1+Be™

where A represents the maximum DOC concentration in mg/l, B is a dimensionless
parameter calculated from the initial DOC concentration, k is the growth rate in days™,
and t is the water storage duration in days. Parameter values assumed for the low and
high bookend scenarios are provided in Table 2-1. Non-conservative behavior of
Project reservoir DOC concentrations due to bio-productivity was not modeled in DSM2.
Discussion and analysis of bio-productivity in the Project reservoirs are provided in
Chapter 4.

Habitat island water quality was not modeled dynamically, since the small winter return
flow volumes were expected to have little impact on overall simulation results. Instead,
fixed concentrations based on field observations (Jung, 2001) were assumed to
represent typical winter return water quality. Values of 50 mg/| DOC and 750 umhos/cm
EC were assumed for Bouldin Island and 40 mg/I| DOC and 1100 umhos/cm EC were
assumed for Holland Tract.

Table 2-1 Reservoir Island Parameter Values

Scenario A (mgl/l) K (days™)
Low

Bookend 70 0.022
High

Bookend 215 0.022

2.3.5 Delta Agricultural Islands

Delta island diversion and return flow volumes were not measured in the field but were
estimated with the Department’s Delta Island Consumptive Use (DICU) model (DWR,
1995a). The DICU model computes diversion and return volumes on a monthly time
step and allows for annual variability in response to changes in Delta land use,
precipitation and pan evaporation. Return salinity water quality estimates are
documented elsewhere (DWR, 1995b). Return organic water quality estimates were
based on MWQI measurements. Due to a lack of comprehensive monitoring of over
200 agricultural drains in the Delta, return organic water quality data were compiled
using a simplified aggregation technique (Jung and Associates, 2000). The Delta was
segregated into three DOC sub-regions: high-, mid- and low-DOC. For each sub-region,
representative monthly average DOC and UVA values were developed. UVA values

24



were assumed as a linear function of DOC concentrations in all Delta island return
flows. DOC and UVA values were assumed to vary by month but not by year. Monthly
DOC concentrations from the three sub-regions are displayed in Figure 2-4.

2.4 Results

Water quality modeling results for chloride, DOC, TTHM and bromate at all four urban
intakes are discussed below. For illustration purposes, results at Banks Pumping Plant
are presented in Appendix 2A. Additional results at Old River at Rock Slough, Old River
at Los Vaqueros Reservoir intake and Tracy Pumping Plant may be found in Appendix
2B and in the Water Quality Modeling Technical Appendix (DWR, 2002). Water quality
modeling results are expressed as monthly averages.

Figure 2-4 Monthly Agricultural Return Flow DOC Concentrations
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Tables summarizing exceedances of the water quality screening criteria at all four urban
intake locations are also provided in this section. Exceedance frequencies were
computed as percentages of the total number of months in the 16-year model
simulation, not as percentages of the number of months when the Project was actively
releasing water. Eight major Project releases were made during the 16-year simulation
period.

The chloride criterion restricts the incremental Project impact to less than 10 mg/l; it
further prohibits the Alternative scenario from exceeding 90 percent of the adopted 250
mg/l urban standards (i.e. 225 mg/l). The DOC criterion generally restricts the
incremental Project impact to less than 1 mg/l. When the Base scenario is between 3
and 4 mg/l DOC, the Project cannot cause DOC to exceed 4 mg/I, resulting in an
allowable DOC change between 0 and 1 mg/l. The TTHM criterion is violated when the
Project causes urban intake concentrations to exceed 64 pg/l. When this value is
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exceeded under the Base scenario, an exceedance is assumed to occur when the
incremental change exceeds 3.2 pg/l (5% of 64 ug/l). Similarly, the bromate criterion is
violated when the Project causes urban intake concentrations to exceed 8 ug/l. When
this value is exceeded under the Base scenario, an exceedance is assumed to occur
when the incremental change exceeds 0.4 ug/l (5% of 8 ug/l).

Delta hydrology under the Alternative 2 scenario was such that a large percentage of
Project releases, particularly Bacon Island releases, were drawn directly through Old
River to the urban diversions. This system response, which was visually analyzed
through DSM2 particle tracking, often translated into significant drinking water quality
impacts when high-volume Project releases were made.

2.4.1 Monthly Average Chloride

Figures 2-5 and 2-6 show salinity changes over the 16-year simulation period in the
Project reservoirs on Bacon Island and Webb Tract, respectively. Changes in reservoir
EC occurred when Delta channel water was diverted into the reservoirs. In higher flow
situations, conservative mixing improved reservoir water (e.g. 1979) and in lower flow
situations it degraded water quality (e.g. 1977). As discussed in Section 2.3.4,
concentration changes due to evaporation and precipitation were not modeled.

A summary of how often Alternative 2 exceeded the 10mg/l chloride screening criterion
at each urban intake is given in Table 2-2. The highest exceedance frequency occurred
at Rock Slough, where the chloride criterion was exceeded approximately 6 percent of
the time. Exceedance frequencies decrease with distance from the ocean, the major
chloride source. Exceedances of the 10 mg/l chloride screening criterion generally
occurred in fall months when there were no major releases from or diversions to the
Project reservoir islands. Therefore, chloride exceedances were not directly related to
Project releases or diversions but appear to result from CALSIM2 re-operation of the
CVP/SWP system.

Table 2-2 Frequency of Chloride Constraint Exceedances

. #months | % months
Location : .
in 16 years | in 16 years
Old River at Rock Slough 11 6
Old River at Los Vaqueros Intake 10 5
Banks Pumping Plant 7 4
Tracy Pumping Plant 7 4

Figure 2A-1 (see Appendix 2A) shows the monthly average chloride concentration at
Banks Pumping Plant over the 16-year simulation period. The Base and Alternative 2
scenarios exceeded the 225 mg/l chloride criterion in one month at the Tracy Pumping
Plant and in three months at Rock Slough. Figure 2A-2 shows the change in chloride
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over the 16-year simulation period at Banks Pumping Plant. As shown in the figure,
Alternative 2 results in incremental improvements as well as degradations over the 16-
year period. Figure 2A-3 shows a cumulative distribution of chloride changes at Banks
Pumping Plant. Alternative 2 improved chloride concentrations at Banks Pumping Plant
about 60 percent of the time.

Figure 2-5a Changes in Bacon Island EC: Water Years 1976-83
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Figure 2-6b Changes in Webb Tract EC: Water Years 1984-91
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2.4.2 Monthly Average DOC

Figures 2-7 and 2-8 show changes in Bacon Island and Webb Tract DOC concentration
over the 16-year simulation period. Changes in reservoir DOC resulted from Delta
channel diversions and peat solil interactions (see Sections 2.2.1 and 2.3.4). As already
discussed, bookend values were selected to represent realistic lower and upper bounds
of DOC changes in the Project reservoirs due to peat soil interactions.

In some circumstances the bookend did not provide a realistic lower bound. These
circumstances arose when channel diversion concentrations exceeded the low bookend
concentration. The maximum DOC concentration associated with the low bookend is
approximately 6-7 mg/l under full reservoir conditions. Model output was adjusted so
that the peat soil algorithm never forced reservoir DOC concentrations below values
computed by conservative mixing.

The above approach resulted in maximum reservoir DOC concentrations of 10 and 22
mg/| for the low and high bookend scenarios, respectively. However, reservoir releases
for the high bookend condition rarely coincided with periods of peak reservoir DOC
concentrations over the 16-year simulation. A notable exception was in 1984. In that
year, maximum high bookend DOC concentrations existed in the Bacon Island and
Webb Tract reservoirs, reflecting holding times greater than one year.

A summary of how often Alternative 2 exceeded the DOC screening criterion at each
urban intake is given in Table 2-3. The highest exceedance frequency occurred at the
Banks and Tracy Pumping Plants under the high bookend scenario, where the DOC
criterion was exceeded approximately 4 percent of the time.
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Table 2-3: Frequency of DOC Constraint Exceedances

Low Low High High
Bookend Bookend Bookend Bookend
(# months | (% months | (# months | (% months
in 16 yrs) in 16 yrs) in 16 yrs) in 16 yrs)

Location

Old River at Rock Slough 0 0 6

Old River at Los Vaqueros Intake 1 1 6 3
Banks Pumping Plant 4 2 7 4
Tracy Pumping Plant 4 2 7 4
Figure 2-7a Bacon Island DOC: Water Years 1976-83
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Figure 2-8a Webb Tract DOC: Water Years 1976-83
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Figure 2-8b Webb Tract DOC: Water Years 1984-91

‘-Releases [ Diversions Low Bookend =——High Bookend ‘
= 2500 25
2 |
S . 2000 - +20 ~
1 [7)) - S~
:>E’ S 1500 - +15 2
> 2 1000 - 1100
£ i Q
= 500 | +5 @
o L
= 0 0

Oct-83 Oct-84 Oct-85 Oct-86 Oct-87 Oct-88 Oct-89 Oct-90

Figure 2A-4 shows the monthly average DOC concentration at Banks Pumping Plant
over the 16-year simulation period. Under the Base scenario, peak urban intake DOC
concentrations corresponded with high precipitation runoff periods that typically occur in
winter and early spring. These peak periods did not normally coincide with Project
releases in Alternative 2.

Figure 2A-5 shows the change in DOC over the 16-year simulation period at Banks
Pumping Plant. Both bookend scenarios exceeded the screening criterion for DOC
changes. The high bookend scenario exceeded the criterion at all urban intakes during
six of the eight major Project release periods. The low bookend scenario exceeded the
criterion at Banks and Tracy Pumping Plants during four out of eight major Project
release periods. The low bookend scenario exceeded the criterion only once at Los
Vaqueros intake.

Figure 2A-6 shows a cumulative distribution of DOC changes at Banks Pumping Plant.

The low and high bookend scenarios improved DOC concentrations at Banks Pumping
Plant 92 and 87 percent of the time, respectively.
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2.4.3 Monthly Average TTHM

Simulated EC and DOC values were utilized to compute TTHM concentrations at the
four urban intakes. See the Water Quality Modeling Technical Appendix (DWR, 2002)
for details on the assumptions related to EC as a surrogate for bromide and for the
methodology for computing TTHM concentrations. A summary of how often Alternative
2 exceeded the TTHM screening criterion at each urban intake is given in Table 2-4.
The highest exceedance frequencies occurred at the Banks Pumping Plant under the
high bookend scenario, where the TTHM criterion was exceeded approximately 1
percent of the time.

Table 2-4 Frequency of TTHM Constraint Exceedances

Low Low High High
Location Bookend Bookend Bookend Bookend
(# months | (% months | (# months | (% months
in 16 yrs) in 16 yrs) in 16 yrs) in 16 yrs)
Old River at Rock Slough 0 0 0 0
Old River at Los Vaqueros Intake 0 0 0 0
Banks Pumping Plant 0 0 1 1
Tracy Pumping Plant 0 0 0 0

The sensitivity of TTHM formation at Banks Pumping Plant to Project reservoir releases
is shown in Figures 2A-7 and 2A-8. In March 1977, the 64 pg/l TTHM limit was
exceeded at three urban intakes under the Base scenario and at two urban intakes
under the Alternative 2 low and high bookend scenarios. Additionally, the limit was
exceeded at Banks Pumping Plant in July 1986 under the high bookend scenario.
Figure 2A-8 shows the incremental change in TTHM concentration over the 16-year
simulation period at Banks Pumping Plant. The 3.2 pg/l maximum allowable increase in
TTHM applied only when the 64 g/l limit was exceeded in the Base scenario. The
TTHM screening criterion was of no consequence under the Alternative 2 low bookend
scenario.

2.4.4 Monthly Average Bromate

Simulated EC and DOC values were utilized to compute bromate concentrations at the
four urban intakes. See the Water Quality Modeling Technical Appendix (DWR, 2002)
for details on the assumptions related to EC as a surrogate for bromide and the
methodology for computing bromate concentrations. A summary of how often
Alternative 2 exceeded the bromate screening criterion at each urban intake is given in
Table 2-5. The highest exceedance frequency occurred at Tracy and Banks Pumping
Plants, where the criterion was exceeded approximately 1 percent of the time under
both bookend scenarios. Similar to the trend observed for chloride, exceedances of the
bromate screening criterion generally occurred in fall months when there were no major
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releases from or diversions to the Project reservoir islands. Therefore, bromate
exceedances were not directly related to Project releases or diversions but appear to
result from CALSIM2 re-operation of the CVP/SWP system.

Table 2-5 Frequency of Bromate Constraint Exceedances

Low Low High High
Location Bookend Bookend Bookend Bookend
(# months | (% months | (# months | (% months
in 16 yrs) in 16 yrs) in 16 yrs) in 16 yrs)
Old River at Rock Slough 1 1 1 1
Old River at Los Vaqueros Intake 1 1 1 1
Banks Pumping Plant 2 1 2 1
Tracy Pumping Plant 2 1 2 1

The sensitivity of bromate formation at Banks Pumping Plant to Project reservoir
releases and to the Delta hydrology is shown in Figures 2A-9 and 2A-10. The 8 ug/l
bromate limit was exceeded in 24 months under the Base scenario and in 21 months
under both bookend scenarios. All but two of the 21 months coincide with months when
the Base scenario exceeded the bromate limit. Figure 2A-10 shows the change in
bromate concentration over the 16-year simulation period at Banks Pumping Plant. The
0.4 pg/l maximum allowable increase in bromate applied only when the 8 pg/l limit was
exceeded under the Base scenario.

2.4.5 Long-Term Chloride

Figure 2A-11 shows a 3-year average of the chloride mass loading at Banks Pumping
Plant under the Base and Alternative 2 scenarios for the latter 13 years of the
simulation. Figure 2A-12 shows the change in long-term chloride mass loading at
Banks Pumping Plant and Figure 2A-13 shows a cumulative distribution of the change
in long-term chloride mass loading. A summary of how often Alternative 2 caused a
long-term change in chloride loading greater than 5 percent is given in Table 2-6 for
each urban intake. The highest exceedance frequency occurred at Rock Slough with
14 out of 156 months exceeding the 5 percent criterion. Mass loading was not
computed at Los Vaqueros intake, as information on diversion volume was not
available. (Exceedance frequency would likely fall between those reported at Rock
Slough and Banks Pumping Plant).

As discussed in Section 2.4.1, chloride exceedances were not directly related to Project
releases or diversions but appear to result from CALSIM2 re-operation of the CVP/SWP
system.
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Table 2-6 Frequency of Long-Term Chloride Constraint Exceedances

Location _# months _% months
in 13 years | in 13 years

Old River at Rock Slough 14 9

Old River at Los Vaqueros Intake n/a n/a

Banks Pumping Plant 8 5

Tracy Pumping Plant 0 0

2.4.6 Long-Term DOC

Figure 2A-14 shows a 3-year average of the long-term DOC mass loading at Banks
Pumping Plant under the Base and Alternative 2 scenarios. The change in long-term
DOC mass loading at Banks Pumping Plant is shown in Figure 2A-15, and a cumulative
distribution of the change in long-term DOC mass loading is shown in Figure 2A-16.
Alternative 2 did not exceed the 5 percent criterion under the low bookend scenario.
However, the criterion was frequently violated under the high bookend scenario. Table
2-7 summarizes the long-term DOC exceedances at each urban intake. The greatest
exceedance frequency occurred at Banks and Tracy Pumping Plants. (Exceedance

frequency would likely be similar at Los Vaqueros intake but was not computed as
pumping information was not available). At Banks Pumping Plant, the 5 percent
criterion was exceeded 50 percent of the time under the high bookend scenario.

Table 2-7 Frequency of Long-Term DOC Constraint Exceedances

Low Low High High
Location Bookend Bookend Bookend Bookend
(# months | (% months | (# months | (% months
in 13 yrs) in 13 yrs) in 13 yrs) in 13 yrs)
Old River at Rock Slough 0 0 12 8
Old River at Los Vaqueros Intake n/a n/a n/a n/a
Banks Pumping Plant 0 0 78 50
Tracy Pumping Plant 0 0 39 25
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2.5 Findings and Recommendations

2.5.1 Findings
Results from water quality modeling studies can be summarized in three key findings:

1. The Project could influence water quality at all Delta urban drinking water
intakes.

Delta hydrology under the Alternative 2 scenario was such that a large percentage of
Project releases, particularly Bacon Island releases, were drawn directly through Old
River to the urban diversions. Given this system response, high-volume Project
releases could have a significant influence on urban diversion water quality. Project
impacts, measured on both short-term (monthly) and long-term scales (3-year average),
were particularly significant for chloride and DOC and less significant for TTHM and
bromate. Water quality impacts could likely be reduced through Project re-operation. A
refined operation could be generated upon implementation of rules in CALSIM2 that
address drinking water quality constraints.

With respect to chloride concentrations at the urban intakes, Alternative 2 resulted in
incremental improvements as well as degradations over the 16-year simulation period.
Exceedance frequency of the WQMP chloride screening criteria followed a clear
geographic pattern. Exceedance frequency decreased with distance from the ocean
(the major chloride source), i.e. more exceedances at Rock Slough and fewer
exceedances at Tracy Pumping Plant. Exceedances of the 10 mg/I criterion generally
occurred in fall months when there were no major releases from or diversions to the
Project reservoir islands. Therefore, chloride exceedances were not directly related to
Project releases or diversions but appear to result from CALSIM2 re-operation of the
CVP/SWP system.

Alternative 2 often resulted in lower DOC concentrations at the urban intakes but also
included significant periods of degradation. Exceedances of the 1 mg/I criterion
occurred at urban intakes under both low and high bookend scenarios. No
exceedances of the long-term criterion occurred under the low bookend scenario.
Under the high bookend scenario, however, urban intakes were in exceedance of the
long-term criterion between 8 and 50 percent of the time. According to the WQMP,
significant mitigation would be required to offset such long-term impacts.

Alternative 2 suggests that TTHM and bromate screening criteria would rarely control
Project operations. Frequency of TTHM and bromate exceedances was low under both
bookend scenarios. Under the Base scenario, the 64 pg/l TTHM limit was rarely
exceeded while the 8 ug/l bromate limit was frequently exceeded. Similar to the trend
observed for chloride, exceedances of the bromate screening criterion generally
occurred in fall months when there were no major Project releases or diversions.
Therefore, bromate exceedances were not directly related to Project releases or
diversions but appear to result from CALSIM2 re-operation of the CVP/SWP system.
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2. Project water quality impacts could be higher than reported in the model
simulations.

The water quality modeling studies did not account for changes in Project reservoir
DOC concentrations due to bio-productivity and seepage returns. These factors could
increase the impact of Project releases at urban intakes. Refer to Chapter 4 for an
assessment of potential Project impacts due to bio-productivity.

The water quality modeling studies evaluated and expressed results as monthly
averages, while WQMP screening criteria are generally expressed as 14-day averages.
Monthly averages filter peak events, thereby reducing impacts that would be measured
on a daily basis.

3. Project water supply benefit is highly uncertain due to water quality impacts.

Adding operational constraints to meet WQMP screening criteria would likely reduce the
water supply benefit reported by CALSIM2. However, the actual reduction in Alternative
2 water supply benefit is unknown at this time.

2.5.2 Recommendations

The frequency and severity of water quality exceedances in the Alternative 2 scenario
demonstrate that the simulated operations are not in accordance with the terms and
conditions of the permit issued by the SWRCB and other limitations imposed on the
Project. As a result, the water supply benefit associated with Alternative 2 is not a
reliable indication of the Project’s true benefit. It is recommended that additional water
supply and water quality modeling be conducted to arrive at a more accurate estimate
of Project benefit. The following modeling tasks are suggested:

* Implement and refine CALSIM2 water quality operating rules through iteration
with DSM2.

» Consider Project reservoir bio-productivity in subsequent water supply and water
quality evaluations.

* Incorporate the following (and possibly other) refinements into subsequent DSM2
analyses:

v" Through consultation with Contra Costa Water District, develop an operation
schedule for the Los Vaqueros Reservoir Intake on Old River.
v Directly simulate UVA transport in DSM2.

v" Allow Delta island consumptive use to vary between the Base and alternative
scenarios.

v Evaluate and express DSM2 results as 14-day averages rather than as monthly
averages.
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Appendix 2A: Graphical Model Results at Banks Pumping Plant

Fig 2A-1 Chloride Concentration at Banks Pumping Plant

Fig 2A-2 Change in Chloride Concentration at Banks Pumping Plant

Fig 2A-3 Cumulative Distribution of Chloride Change at Banks Pumping Plant
Fig 2A-4 DOC Concentration at Banks Pumping Plant

Fig 2A-5 Change in DOC Concentration at Banks Pumping Plant

Fig 2A-6 Cumulative Distribution of DOC Change at Banks Pumping Plant
Fig 2A-7 TTHM Concentration at Banks Pumping Plant

Fig 2A-8 Change in TTHM Concentration at Banks Pumping Plant

Fig 2A-9 Bromate Concentration at Banks Pumping Plant

Fig 2A-10 Change in Bromate Concentration at Banks Pumping Plant

Fig 2A-11 Chloride Mass Loading at Banks Pumping Plant

Fig 2A-12 Change in Chloride Mass Loading at Banks Pumping Plant

Fig 2A-13 Cumulative Distribution of Chloride Mass Loading Change at Banks Pumping
Plant

Fig 2A-14 DOC Mass Loading at Banks Pumping Plant
Fig 2A-15 Change in DOC Mass Loading at Banks Pumping Plant

Fig 2A-16 Cumulative Distribution of DOC Mass Loading Change at Banks Pumping
Plant
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Figure 2A-1 Chloride Concentrations at Banks Pumping Plant
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Figure 2A-4 DOC Concentration at Banks Pumping Plant
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Figure 2A-5 Change in DOC Concentration at Banks Pumping Plant
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Figure 2A-7 TTHM Concentration at Banks Pumping Plant
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Figure 2A-8 Change in TTHM Concentration at Banks Pumping Plant
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Figure 2A-9 Bromate Concentration at Banks Pumping Plant
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Figure 2A-11 Long-Term Chloride Mass Loading at Banks Pumping Plant

n —_

m 'C 30 T T T T T

o E‘ = | | | |

= © o5 F _____ ~ R R Y AR V A L
L T 1 T | 1 1

g g L ! | | | | ) |

= 2 I\ ! | | | | | )

52527 o ' .

5385 15+ : 1 ; 1 1 1 1

O : E | | | | | | |

T e e I R

[ s [ R TR R : : —

5 8 %] o T imese =]

o g 09— ‘ : : ‘ N .

- Oct- Oct- Oct- Oct- Oct- Oct- Oct- Oct- Oct- Oct- Oct- Oct- Oct-
78 79 80 81 82 83 84 85 86 87 88 89 90

Figure 2A-12 Change in Long-Term Chloride Mass Loading at Banks Pumping Plant
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Figure 2A-14 Long-Term DOC Mass Loading at Banks Pumping Plant
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Figure 2A-15 Change in Long-Term DOC Mass Loading at Banks Pumping Plant
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Appendix 2B: Tabular Model Results at Delta Urban Intakes

Table 2B-1 Monthly Average Water Quality at Rock Slough: Base Scenario
Table 2B-2 Monthly Average Water Quality at Los Vaqueros Reservoir Intake: Base
Scenario
Table 2B-3 Monthly Average Water Quality at Banks Pumping Plant: Base Scenario
Table 2B-4 Monthly Average Water Quality at Tracy Pumping Plant: Base Scenario
Table 2B-5 Monthly Average Water Quality at Rock Slough: Alternative 2 Low Bookend
Scenario
Table 2B-6 Monthly Average Water Quality at Los Vaqueros Reservoir Intake:
Alternative 2 Low Bookend Scenario
Table 2B-7 Monthly Average Water Quality at Banks Pumping Plant: Alternative 2 Low
Bookend Scenario
Table 2B-8 Monthly Average Water Quality at Tracy Pumping Plant: Alternative 2 Low
Bookend Scenario
Table 2B-9 Monthly Average Water Quality at Rock Slough: Alternative 2 High Bookend
Scenario
Table 2B-10 Monthly Average Water Quality at Los Vaqueros Reservoir Intake:
Alternative 2 High Bookend Scenario
Table 2B-11 Monthly Average Water Quality at Banks Pumping Plant: Alternative 2 High
Bookend Scenario
Table 2B-12 Monthly Average Water Quality at Tracy Pumping Plant: Alternative 2 High
Bookend Scenario
Table 2B-13 Monthly Average Water Quality Change at Rock Slough: Alternative 2 Low
Bookend Scenario
Table 2B-14 Monthly Average Water Quality Change at Los Vaqueros Reservoir Intake:
Alternative 2 Low Bookend Scenario
Table 2B-15 Monthly Average Water Quality Change at Banks Pumping Plant:
Alternative 2 Low Bookend Scenario
Table 2B-16 Monthly Average Water Quality Change at Tracy Pumping Plant:
Alternative 2 Low Bookend Scenario
Table 2B-17 Monthly Average Water Quality Change at Rock Slough: Alternative 2 High
Bookend Scenario
Table 2B-18 Monthly Average Water Quality Change at Los Vaqueros Reservoir Intake:
Alternative 2 High Bookend Scenario
Table 2B-19 Monthly Average Water Quality Change at Banks Pumping Plant:
Alternative 2 High Bookend Scenario
Table 2B-20 Monthly Average Water Quality Change at Tracy Pumping Plant:
Alternative 2 High Bookend Scenario
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Chapter 3 Water Quality Field Investigations
3.1 Task Description

This executive summary describes a conceptual model and algorithm for modeling
organic carbon in the DW Project (DWP) reservoir islands. A technical report was
prepared for the Delta Modeling Section for documentation of the developed algorithm.
The technical report (Jung, 2001) includes extensive analysis and interpretation of the
reviewed studies and a summary of historical Delta channel and DWP island drainage
water quality data (e.g., DOC, UVAzs4nm). DOC and UVA data are used to validate the
DSM2 (Delta Simulation Model 2) model.

The primary sources of data included:

* Tank experiments conducted by the Municipal Water Quality Investigations (MWQI)
Program in 1998-2000 at the Department of Water Resources (DWR) SMARTS
facility.

* Wetland water quality experiments conducted by the consultants of the DWP on a
Holland Tract demonstration pond in 1989-90.

* Adrainage and groundwater quality study conducted by the USGS for MWQI at
Twitchell Island in 1996-97.

* Published studies and data from university wetlands scientists.

* Reports and testimonies presented during the DW Project EIR/EIS hearings.

» Delta channel and drainage water quality data collected since 1986 by DWR.

* Reports of the MWQI Program and predecessor programs since 1982.

The literature search confirmed that no deep reservoir project on peat soils constructed
or operated as proposed in the DW Project existed that could be used as a model.
There were data, however, on shallow-flooded wetlands, natural and constructed.

As part of the DW Project study, the Department's MWQI Program participated in
development of a water quality module for the DSM2 model to study the operation of the
DWP. The module will simulate organic carbon concentrations in the impounded water
of the reservoir islands. The model is generic in the sense that it can be applied to other
candidate islands and tracts in the Delta besides the DWP islands.

The general scope of work performed by the MWQI Program consultant and staff
included developing a conceptual model and mathematical relationships to predict the
changes in organic carbon concentrations in the DWP reservoirs based on existing
data. Explanatory variables included diversion water quality, storage holding time,
season, water level, and soil characteristics. Additional tasks requested by the
Integrated Storage Investigations (ISI) Program included developing field and laboratory
analyses and experiments to supplement the reconnaissance-level study of the DWP
and to refine the assumptions used in the module.
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With this information, the Delta Modeling staff of DWR will develop a water balance
module that incorporates the concepts and mathematical relationships that were
developed and described in this report and link this module to DSM2. Model
development and refinement work will continue through 2001 to adopt the modules in
the new CALSIM2 model to simulate water quality changes from the IDS alternatives in
meeting the WQMP under different State Water Project and Central Valley Project
operational conditions.

3.2 Major Organic Carbon Model Components

A complete water quality model for organic carbon production in the reservoir islands of
the DW Project should address three major components (Figure 3-1). They are:

A peat soil DOC release and generation component that predicts the reservoir water
organic carbon concentrations from leaching and microbial decay of peat.

A seepage return water component that predicts the amount and concentrations of
organic carbon that is captured and cycled back into the reservoir from seepage pumps
located along the perimeter of the reservoir island levees.

An algae and wetland plant production component that predicts the contribution of
organic carbon from primary productivity in the reservoir.

This report describes the algorithms of the first two components. The third component
is being developed under contract by ERA (Ecological Research Associates, Davis,
CA).

Peat Soil DOC Release and Generation

The Peat Soil DOC Release and Generation component addresses organic carbon
released from the flooded peat soil and its breakdown by microbial communities in the
soil, the soil-water interface, and in the water column over time. The only studies that
were found that could be used to describe short- and long-term water quality changes in
a flooded Delta peat island that is used for a reservoir were performed by DWR.

In 1998 - 2000 the MWQI Program conducted experiments on how water depth, peat
soil, and water exchange, such as in a newly created wetland, could affect drinking
water constituents of concern. These experiments were conducted at the Department’s
SMARTS (Special Multipurpose and Research Technology Station) facility. The study
objectives were to obtain information for guidance in the planning, creation, and
operation of shallow wetlands in the Delta. Eight large tanks (810- and 1500-gallon
capacities) with different combinations of peat soil depth (1.5 or 4 ft.), water depth (2 or
7 ft.), and water exchange rates (none or 1.5 times per week) were used. The water
guality of the impounded surface water and peat soil pore water was monitored. Two
separate experiments were run. Experiment #1 was a three-month study (Jung and
Weisser, 1999). Experiment #2 was conducted from January 13, 1999 to January 21,
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2000. However, samples were collected in June and September 2000 for comparison
of changes after the one-year experiment had officially terminated (Jung and Weisser,
2000).

Figure 3-1.

Organic Carbon Sources and Concentration Factors for
In-Delta Storage Reservoir NWiodel

seepage evaporation diverted river

return rain ot -ins
c\ | algaefwetland plant producﬁvy

organic peat

SeEpage

The SMARTS Experiment #2 study showed that DOC production over time (days
flooded) in the surface water could be described by a logistic equation and curve. The
general equation of the logistics curves that were seen in the tank experiment is:

f(t) = A

-kt
1+Be

where f(t) represents the DOC concentration in mg/l at time t, A represents the
maximum DOC concentration in mg/l, k is the growth rate in days™, and t is the water
storage duration in days. B is a coefficient that is calculated from the starting DOC
concentration. The maximum rate of increase is the maximum of the derivative of the
logistic equation, y = f(t). It occurs at the point of inflection of f(t). Procedures for
solving logistics equations can be found in several college math and engineering
textbooks (Coughlin and Zitarelli, 1989; Lial et. Al., 1993; Fair et. Al., 1958).

The SMARTS Experiment #2 study period simulated initial flooding of peat soil
beginning in January with water held for 20 months. The study period of Experiment #2
overlapped and extended past the planned operations of the DWP reservoir islands that
include filling in the winter months and storing until summer releases.

SMARTS Experiment #1 operated for three months (mid-July — early October). The
Experiment #1 DOC concentrations over time also followed a logistic equation curve but
with a higher growth rate (k) value. This was attributed to the much warmer summer
temperatures, which would accelerate microbial decay and TOC/DOC release and
production rates in the tanks.
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Photo 3-1. SMARTS tanks at DWR West Sacramento Facility
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A graph showing the predicted maximum DOC concentration over a 360 day water
holding period for the predicted logistics equation, measured values in SMARTS
Experiment #2 tanks 1 and 3, and the average of the measurements are shown in
Figure 3-2. This figure shows the results of submerging peat soil that was high in
soluble organic carbon for a year in two feet of water. The Y-axis represents the DOC
concentration and the x-axis represents the water storage days since filling a tank to a
2-foot water depth over a peat soil layer of 1.5 and 4 feet in thickness. The dilution
water (city tap water) used in the study had a DOC of 1 mg/l. The data was collected
semi-monthly for a year. The start of the experiment coincided with the major filling
period of the proposed DWP, which is in the winter, December — February. Water was
held for over a year to study seasonal water quality changes.

On the basis of the good fit of the observed DOC concentrations and the logistics
eqguation, an algorithm for estimating DOC from the processes of peat soil leaching and
microbial decay of peat soil was developed. The logistics equation that represented the
average DOC values of tanks 1 and 3 was selected to represent the high bookend
eqguation or value for the model. This equation represented predicted DOC releases
from soil with high organic carbon content.

A similar plot of DOC data for tanks 5 and 7 and their average is shown in Figure 3-3.
The soil in these two tanks was significantly lower in soluble organic carbon. They were
also filled to a water depth of 7 feet, not 2 feet as in tanks 1 and 3. These differences
resulted in lower maximum values that were reached (the A variable) in tanks 5 and 7
than in tanks 1 and 3. The logistics equation that represented the average DOC values
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of tanks 5 and 7 was selected to represent the low bookend equation or value. This
equation represented predicted DOC releases from soil with low organic carbon content

Figure 3-2. Shallow Tank Measured and Predicted DOC Concentrations
Representing high level of soluble organic carbon in peat soil

300
Tank 3
258.3

250 @ 243 .

High
213.

200 20%.8 booke_nd
. equation
=, : — & 166.9
é 150 M ° Tank 1
O]

o
a
100
50 -
0+ } T T T T T
0 50 100 150 200 250 300 350 400

Water storage days since January 1

—e—meas. T1 —— meas. T3 meas. avg. predicted T1 —— predicted T3 —e— predicted avg.

Figure 3-3. Deep Tank Measured and Predicted DOC Concentrations
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They were also filled to a water depth of 7 feet, not 2 feet as in tanks 1 and 3. These
differences resulted in lower maximum values that were reached (the A variable) in
tanks 5 and 7 than in tanks 1 and 3. The logistics equation that represented the
average DOC values of tanks 5 and 7 was selected to represent the low bookend
equation or value. This equation represented predicted DOC releases from soil with low
organic carbon content.

The high and low bookend equations are shown in Table 3-1. Appropriate dilution
factors to represent a filled island reservoir (average water depth of 21 feet) will need to
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be applied to each bookend logistics equation as tanks 1 and 3 were flooded to a 2-foot
depth while tanks 5 and 7 were flooded to 7-feet.

Table 3-1. Bookend Logistics Equations for Model Algorithm
Bookend Condition Logistic Equation

DOC (mg/l) = A/(1+Be™)
Low soil organic

carbon @ 7 ft. water 20/(1+9e70:0%2
depth
High soil organic
carbon @ 2 ft. water 215/(1+21.22e7°9%%
depth

To compute DOC at time (t) for a 21-foot deep reservoir using Figure 3-2, we would
divide the value at f(t) by 10.5 (i.e., 21'/2’) and add the dilution water DOC
concentration. For example, using the high bookend curve for day 200 in Figure 2, the
predicted DOC is 177.4 mg/l for a 2-foot deep reservoir. Diluting this value by 10.5
gives an estimated DOC of 16.9 mg/l in a 21-foot deep reservoir. When the diverted
river water DOC concentration, which can range from 4 to 6 mg/l, is added to the
computation, the predicted reservoir water DOC can be over 20 mg/I.

To compute DOC at time (t) for a 21-foot deep reservoir using Figure 3-3, we would
divide the value at f(t) by 3 (i.e., 21'/7’) and add the dilution water DOC concentration.
For example, using the low bookend curve for day 200 in Figure 3, the predicted DOC is
18 mg/l for a 7-foot deep reservoir. Diluting this value by 3 gives an estimated DOC of 6
mg/l in a 21-foot deep reservoir. When the diverted river water DOC concentration,
which can range from 4 to 6 mg/l, is added to the computation, the predicted reservoir
water DOC can be 7 to 9 mg/l.

A simplified equation that incorporates the logistics equations, dilution factors, and
diverted river DOC concentrations can be expressed as:

DOC(t) = DOC(0) + F(t)/Df

where DOC (0) is the diverted river DOC in mg/l at filling, F(t) is the high or low bookend
logistics equation, and Df is the appropriate dilution factor. The high bookend dilution
factor is the reservoir depth (ft.) divided by 2. The low bookend dilution factor is the
reservoir depth (ft.) divided by 7.

A plot (Figure 3-4) of the cumulative percentage of the maximum DOC concentration
versus time showed that, in spite of different maximum DOC concentrations that
observed in the tanks, the rates of DOC accumulation were similar. The data indicated
that 50 to 80 percent of the maximum DOC levels may be reached in about 150 days
and over 90 percent after 10 months of storage when the reservoir is filled in January.

110



Figure 3-4. Cumulative Percentage of Maximum DOC in Stored Water
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Growth constants (k) are affected by water temperature, which in turn are affected by
season. K values were also computed for each potential calendar month when water
might be diverted to fill or top-off the reservoirs. Data from SMARTS Experiment #1
were examined to determine summer k values. The proposed k constants shown in
Table 3-2 are based on observed water temperatures and the logistics equations of the
two experiments.

Table 3-2. Model K Values Based on Reservoir Filling Periods
K growth rate constant units in per day

Reservoir Filling Water Low High
Period temperature range  bookend k bookend k
November — 7-12°C 0.022 0.022
March
June — October 20-28°C 0.042 0.070

The summer k values appear to be reasonable estimates. The decomposition rate of
organic carbon can increase by 2 to 4 times when temperature increases by 10°C within
the tolerance limits of the organism (Reddy et. Al., 1980). This factor is called the Q10
value. Experiment #2 water temperatures were 7°to 12°C in November through March.
Experiment #1 water temperatures (July to mid-October) were 20° — 28°C. The summer
k values (0.04 — 0.07) were 2 — 4 times higher than the winter k values (0.02).

The DSM2 model will predict the diverted river DOC concentrations at the times of filling
and compute the reservoir DOC concentrations using the logistics equations in Table 3-
1 and the appropriate k values in Table 3-2. In the few cases of reservoir filling in June

— October, the low and high bookend k values will replace the k values of the November
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— March low and high bookend logistics equations, respectively. The simulations will
represent a 16-year hydrology (1975-1991) and variations in operating the reservoirs.

Seepage Return

The Seepage Return component addresses the DOC of seepage water that is returned
back to the reservoir island by pumps located along the levees on some sides of the
reservoir islands. A system of large extraction wells installed on the levees has been
proposed by DWP owners to protect the adjacent islands from the anticipated effects of
seepage from the reservoir islands. Seepage is expected because of the hydraulic
pressure exerted by the stored water (average depth 20 ft.) over a deep sand aquifer
that underlies the reservoir and extends to adjacent islands. The complex well system
places pumps 160 ft. apart on the levees. A seepage analysis model (plan view) was
used to consider seepage conditions within the sand aquifer. The model did not
consider the influence of surface water infiltration from the proposed reservoirs or
existing sloughs (URSGWC, 2000). The DWP geotechnical consultants recommended
that the interceptor wells extend to the bottom of the sand aquifer on Webb Tract and
Bacon Island.

Because reservoir projects on peat islands do not exist, there is no data on seepage
water DOC. However, the DW Revised Draft EIR/EIS (Jones and Stokes, 2000) stated
that “...a 9-month storage period with an assumed DOC concentration of 20 mg/l in the
pumped seepage water results in an increased DOC loading estimate of 3 to 19 g/m?/yr.
This loading rate is relatively high compared to estimates of DOC loading under existing
agricultural practices, which include a considerable amount of drainage to balance
seepage from adjacent channels and maintain acceptable water levels for crop
production®.

The impact of returning seepage water with an assumed 20 mg/l DOC concentration, as
described by the DW revised EIR, could add about 1 mg/l DOC to reservoir DOC
concentrations. This concentration of DOC would be additive to that resulting from peat
soil and biological organic carbon loads. Due to the lack of data from similar reservoir
projects on peat soil. There is a high degree of uncertainty in predicting the increase of
DOC from the planned return of seepage water back on to the proposed reservoir
islands. However, the potential water quality impacts of the seepage return water may
be significant and must be included in the assessment of the water quality-related risk
and reliability of the project, its yield, and its ability to operate under the terms of the
Water Quality Management Plan.

3.3. Information Needs
The differences between the magnitude of water quality changes seen in the SMARTS
experiments and a reservoir Delta island would be expected from variations in the

amounts of soil organic carbon, water depths, and carbon production by plants and
algae. The significance of wetland plants and phytoplankton in the reservoir islands as
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organic carbon sources has not been adequately addressed for water quality modeling
purposes.

The major organic carbon source during the winter filling months will be from peat soll
leaching and decay. As water temperatures and available sunlight increase, organic
carbon production from photosynthetic plants and algae become new sources. Long-
term experiments are needed to develop mathematical relationships for this component
of the model.

There are no data to determine if groundwater returned to the reservoir islands by the
many proposed seepage wells placed along the levees of Bacon Island and Webb Tract
could degrade the water quality of the stored water. TOC concentrations of domestic
wells were low (1 mg/l), but seepage water quality under the proposed reservoir
conditions (21 ft. water depth and hydraulic head pressure) may result in higher organic
carbon concentrations over time.

The SMARTS experiments provided logistics curves for modeling DOC from peat soil
release and microbial decay. The logistic equations can provide rough estimates of the
maximum DOC concentration in the reservoir water that is reached during storage.
Different curves resulted from different maximum DOC concentrations of each tank
which, in part, could be attributed to different soil organic matter conditions (low or high
organic carbon) at startup or environmental conditions within the tank that affected
microbial activity (e.g., growth, species, metabolism).

Currently, data to develop these equations are severely limited without any replication to
guantify variability. More experiments could provide logistics equations for each soil
type and condition of the islands. However, such experiments are time consuming and
expensive. Other methods need to be explored to relate the potential of different types
of organic soll in releasing organic carbon under flooded conditions and operations of
the DWP.

The effects of wet and dry cycles on DOC availability in subsequent inundations have
not been studied. Such experiments are needed to assess repeated filling and
emptying of the project.

Other studies should examine methods that might reduce organic carbon releases from
flooded peat soil. These methods might include tilling of fields in the summer to
increase microbial breakdown of organic matter and draining the fields prior to filling.
Some of these studies can be performed at DWR’s SMARTS facility and laboratory.
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Chapter 4 Water Quality Biological Productivity Studies
4.1 Introduction

Organic carbon loading of water stored on the reservoir islands of the DW Project,
Bacon Island and Webb Tract and Victoria Island, the alternative reservoir island, has
been identified as a water quality variable of concern because it increases the
concentration of disinfectant by-products, such as trihalomethanes and haloacetic acids
in treated drinking water. Three sources of organic carbon loading have been identified
as major components that need to be addressed in the DW Project water quality model,
they are: 1) seepage return water, 2) peat soil and 3) photosynthetically produced
organic carbon from algae and aquatic plant growth (Jung 2001). Ecological Research
associates (ERA) have been asked to provide estimates of photosynthetic production
and subsequent release of total organic carbon from the Delta Wetland Project reservoir
islands. Specifically our tasks have been identified as:

4. Identify key parameters affecting plant growth and degradation on the islands.

5. Develop tractable groupings of plants that can be related to conditions on the islands
and develop algorithms to describe plant growth.

6. Analyze fate of organic carbon fixed on the islands during plant growth and develop
algorithms to describe degradation and release of organic carbon to the Delta
channels.

7. Examine carryover affects from fill to fill and develop method of accounting for this in
the modeling.

8. Write a report to transmit algorithms to the In-Delta Storage Water Quality
Evaluation group, and which discusses the study findings including caveats and
limitations.

A summary of organic carbon loading estimates is provided in Table 2 at the end of this
reports.

The effects of hydrology on freshwater productivity and decomposition are not clear and
it cannot be assumed that changes in the frequency or duration of flooding will
necessarily increase or decrease organic carbon accumulation or export (Mitsch and
Gosselink 1993). This is the current state of wetland ecology despite extensive study of
many wetland systems. Predicting carbon budgets for systems that have not yet been
created has an additional layer of uncertainty. Nevertheless, it is often necessary to
consider complex ecological questions in advance of the implementation of large
projects expected to have environmental impacts. Proper and thorough answers to
complex environmental questions require orchestrated team efforts combining
researchers with a diversity of backgrounds in historic analysis, hydrodynamic
modeling, and both laboratory and field experiments (Cloern 2000).

A proper and thorough consideration of the five aforementioned tasks would require a

large commitment of resources and time, much larger and longer than what is currently
available for this isolated ERA contribution. Of the three sources of organic carbon
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loading identified in the first paragraph, the algal and aquatic plant component is
arguably more complex and potentially of greater magnitude than either the peat soil or
seepage water components. Nevertheless, we have been asked to address these
complex ecological questions within a very short one to two month deadline. A thorough
consideration of the role of algae and aquatic vascular plants in organic carbon loading
on these reservoir islands should include an extensive literature review and rigorous
experimentation. The draft EIRs for this project go back to 1990 and contain thousands
of pages of background information. It would easily take the majority of our available
time just to review the EIRs. Additionally, there is not enough time for experimentation.
For comparison, two years of experimentation and a new research facility, the Special
Multipurpose Applied Research Technology Station built in 1998, have been used to
complete similar tasks for the peat soil component. With the limited amount of time and
resources available to us to address these complex ecological questions, we think that it
is important to mention that we are limited in what we can say about photosynthetic
production and subsequent release of total organic carbon from these islands. The
estimates presented in this report are the best that we can provide but may be subject
to error.

4.2 Methodology

In order to address organic carbon loading from algal and aquatic plant growth, some
assumptions were necessary. This report is based on the following assumptions.

* The maximum monthly rate of diversion will not exceed 4,000 cubic feet per second
(cfs).

* The maximum monthly rate of discharge will not exceed 4,000 cfs.

* When the reservoirs are full, the maximum water depth is 20 feet, which is four feet
above mean sea level.

* The reservoir bottoms are essentially flat.

* The combined storage capacity of Bacon Island and Webb Tract is 215,629 acre
feet (DWR 2001).

* It would take approximately three months to fill the empty reservoirs.

* It would take approximately three months to drawdown the full reservoirs.

» ltis unlikely that multiple fillings and drawdowns would occur in one year.

* The minimum rate of diversion and discharge could be zero or effectively zero if, for
example, water is unavailable for diversion in dry years or if water quality problems
prohibit discharge in wet years, respectively.

* Once initially filled, it is assumed that reservoir islands will not dry out because of
recommended management actions directed at avoiding repeated wet and dry
periods on the peat soils (Jung and Weisser 2000) and seepage return.

* The reservoir islands function as shallow, flat-bottomed lakes with three possible fill
and drain cycles or scenarios.

Hydrology, or diversion/discharge cycles are important factors that will influence the

quality and quantity of photosynthetic production. Three possible diversion/discharge
scenarios were used to asses productivity.
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4.2.1 Diversion/Discharge Scenarios

Scenario One represents continuous full storage, minimum discharge.
Year-round full storage with 20 feet maximum and mean depth

Scenario Two represents desired storage operations, i.e. reservoirs filled in
winter and emptied in summer.

December through February— reservoirs filled, start at 2 feet deep and fill
to 20 feet deep.
March through May- storage period at 20 feet deep
June through August- reservoirs drained, start at 20 feet deep and drain
to 2 feet deep
September through November— empty period at 2 feet deep

Scenario Three represents continuous non-storage, empty, minimum diversion.
Year-round standing water, two feet deep or less, soil remains wet

All three scenarios are based on Appendix G2 in the 1995 Draft EIR/EIS with
consideration of additional information such as a maximum water depth not to exceed
four feet above mean sea level from DWR description of alternatives and land surface
below sea level from the Delta Atlas.

4.3 Algae and Vascular Aquatic Plant Growth

Photosynthetic production, i.e. productivity rates and standing biomass, and the
subsequent release of total organic carbon are likely to be highly variable among the
three aforementioned scenarios for the reservoir islands. It's important to expect
variability in what types of plants, including algae, grow on these reservoir islands. This
variability could result in net export or accumulation of organic carbon. More importantly
for water quality concerns, there is the potential for extensive aquatic plant growth on
these islands to produce an additional load of dissolved organic carbon similar to, or in
excess of, that expected from inundation of the peat soils. Additionally, the long term
importance of photosynthetic production to dissolved organic carbon might increase
relative to the importance of the peat soils. This increase might occur during the first few
years of these islands being changed from agricultural systems to aquatic systems
when aquatic plant biomass and productivity will probably increase. At the same time,
the repeated filling and emptying of the islands is expected to leach out soluble organic
matter from the peat soils and cause a long term decline in dissolved organic carbon
loading from the peat soils (Jones and Stokes, 2000). However, there is a large
reservoir of organic carbon in the peat soils and the rate of conversion of soil POC to
soil DOC might be similar to the leaching rate and result in substantial loading for a long
time. The following sections will discuss the potential for algae and macrophyte
production and decay under the three fill-and-drain cycles, or scenarios.
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4.3.1 Scenario One, full storage and minimum discharge

Scenario One is likely to produce a condition on the reservoir islands where
phytoplankton are the dominant source of photosynthetic production, at least initially.
The key parameters affecting phytoplankton growth should include light attenuation in
the water column and temperature. The attenuation of light will be affected by the
guantity and quality of the total suspended sediments in the Delta channel water used to
fill the reservoirs are also important parameters because they affect how light will be
attenuated, scattered and absorbed. Decades of agricultural activity have probably
loaded the soils with nutrients from fertilizers and delta water has high levels of nitrogen
and phosphorus so that nutrient limitation of the phytoplankton is unlikely. The optical
model described below, which accounts for particle sedimentation and resuspension
due to water mixing on the reservoir islands, provides a description of plant growth and
a way to estimate the quantity of phytoplankton biomass that might be produced on the
reservoir islands. Maximum phytoplankton biomass will probably develop in mid to late
summer as water temperatures increase and reach their maximum.

43.1.1 Light Attenuation and Mixing

Light attenuation by water constituents will have a critical role in determining the amount
of organic carbon within the reservoir; it will almost certainly be the limiting resource for
primary production (Cloern 1999). Irradiance E at a depth z is given by

E(z) = E(0)exp(-Kq2) [Equation 1]

Where E(0) is the irradiance at the surface. The irradiance attenuation coefficient for
photosynthetically available radiation (PAR), K4(PAR), will be most strongly affected by
the concentrations of suspended sediment, algae, and colored dissolved organic matter
(CDOM). CDOM or dissolved organic matter (DOM) is effectively the same thing DOC
in terms of this light attenuation discussion. Kq can be modeled as a sum of attenuant
concentrations multiplied by their respective attenuation cross-sections:

Kd = KsedCsed + KaIgaeCaIgae + KepomCepom

The cross sections are in units of m? g™ which, when multiplied by concentration
in g m, yields attenuation in units of m™,

Attenuation cross-section of mineral suspensoids range from 0.025to 1.1 m? g™
(Davies-Colley et al. 1993). This value corresponds well to regressions of Interagency
Ecological Program (IEP) Delta data in the range of turbidities expected in the reservoir
islands; over all the available data, including very high TSS concentrations (total
suspended solids mg L™) that are unlikely in this setting, the coefficient for Kg(PAR) vs
TSSis 0.10 m*g™.

The regression analysis of the IEP data shows that TSS explains almost 86% of the
variability in Kg. The remaining variation is believed to be due to differences in particle
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size distribution within the suspended sediment, and variations in DOM, phytoplankton,
and detritus concentrations. In the presence of resuspension, we can expect the
turbidity to remain relatively constant.

The likelihood of sediment resuspension can be estimated given wind conditions and
knowledge of the basin dimensions. Given the expected size and depth of these
reservoirs, wind-driven waves can be expected to exist in the shallow water regime in
which wave motion extends to the bottom (Pond and Pickard 1983). Wind-driven water
motion will penetrate through whatever stratification might exist, and is likely to be the
dominant source of resuspension, mixing, and transport. The mean drift current, caused
by the wind, is likely to be 2-3% of the mean wind speed (Bailey & Hamilton 1997, and
references therein), or 0.26 mph. At this speed, resuspended sediment would be
distributed throughout the reservoir island in less than one day

Using hourly wind data for Antioch in 1997 (Ceres web site) and the approach
presented in Booth et al. (2000), likelihood of sediment resuspension and wind mixing
(and therefore strong light attenuation) is presented in Figure 4-1.
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Figure 4-1. Percentage of time, on an annual basis, during which sediment is likely to be
resuspended, as a function of water depth.

If the reservoir is completely filled to 6 m depth, normal wind waves are unlikely to

cause major sediment resuspension. However, as water level drops to 4 m,
resuspension can be expected roughly 10% of the year, increasing approximately
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linearly to 90% of the year at a water depth of 1 m. Since fine sediment can be expected
to resettle very slowly, even infrequent resuspension events are likely to keep the water
relatively turbid, as casual observation would confirm.

The mean annual prediction does not reflect the fact that the greatest wind energies are
usually in the period April through September. Taking this and water depth into account,
Figure 4-2 shows the predicted percentage of time sediment is likely to be resuspended.
This relationship can be convolved with the filling, storage, and draining models to
further predict sediment resuspension during filling and draining.
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Figure 4-2. Timeline of likely sediment resuspension versus time and water depth. Note
that water is likely to be stored during March through May (3-5) and discharged during
June through August (6-8).

Carder et al. (1989), found that the absorption cross-section of DOM varied depending
on the ratio of fulvic to humic acid content, but that generally a value of 0.13 m°g™ was
representative. Depending on the relative concentrations of DOM, sediment and algae,
DOM could contribute significantly to PAR attenuation when sediment concentrations
are low. Linear regression of the IEP data suggest that for zero TSS, K4(PAR) = 2.2 m™.
Due to the non-normal distribution of data, Kg(PAR) due to DOM is almost certainly
closer to 0.9 m™. However, inorganic sediment may remain the dominant form of
suspended particulate matter (Cloern 1987), and studies have shown that including
algae in regression analyses does not improve the estimation.
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As an example, if we assume the following values:
DOM =7mg L™, TSS =20 mg L™, then K4(PAR) =2.91 m™

To calculate the compensation depth of 1% surface irradiance, or the depth to which
macrophytes may be expected to grow (Vant et al., 1986), we rearrange [Equation 1]:

z = -Ln[E(2)/E(0)] / Kqg
z(1%) = —Ln[0.01] / 2.91 = 1.58 m

Particle settling will depend heavily on whether the reservoirs become thermally
stratified, energy inputs for mixing (e.g., wind), whether the bottom becomes covered
with macrophytes, and the cohesiveness of the sediments. While water bodies >6 m (20
feet) in depth are often sufficiently deep to stratify (Wetzel 2001), these reservoirs have
very large surface areas, flat bottoms, and exposure to Delta winds, and may not
stratify. If not, particle resuspension will likely maintain relatively turbid conditions.
Larger sediment particles (>63 um) will tend to settle out relatively rapidly, but the
fraction consisting of silts and clays <63 pum will tend to stay in suspension almost
indefinitely (Eisma 1993), and it is the small size fraction that contributes most strongly
to light attenuation (Davies-Colley et al. 1993).

The minimum TSS concentration observed in the IEP data was 2 mg L™, which, with a
DOM concentration of 7 mg L™, implies a photic depth of ~ 4 m.

Suspended sediment in the Delta consists almost entirely of very small particles. The
table below presents a summary of particle size distribution (PSD) of a range of Delta
samples (Swift, July 2000 unpublished data).

Frank's Tract Rio Vista

Mean dia, um: 19.0 30.8
Median dia, pum: 14.3 20.3
10%< dia: 4.0 5.0

50% < dia: 14.3 20.3
90% < dia: 39.7 63.0

Water column primary production from phytoplankton can be predicted from a
theoretical basis and certain reasonable assumptions. Under the assumptions that
primary productivity is proportional to light absorbed by photosynthetic pigments; PAR
light attenuation does not change with depth; chlorophyll a is vertically homogeneous;
and water column depth exceeds photic zone depth.

derived:

Py = WBI, 2, = 4.61¥BI, / Ky
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where Py (mg m? d* C) is gross primary productivity in the water column; ¥ (mg C [mg
ChiI'* [E m? % is an efficiency factor; B (ug L™ ) is chlorophyll-a concentration; I, (E m’
d?) is surface PAR; Zp (m) is photic zone depth, i.e., the depth to which 1% of surface
PAR penetrates; and k (m™) is the vertical attenuation coefficient for PAR.

2

This equation has since been verified in many different aquatic ecosystems throughout
the world (Platt 1986, Platt et al. 1988), including San Francisco Bay (Cole and Cloern
1984, Cole et al. 1986) and other estuaries (Cole and Cloern 1987, Heip et al. 1995,
Kromkamp et al. 1995), when W is calibrated for local conditions. A value of W estimated
from data within the Delta was 0.728 + 0.023 mg C [mg ChI]™* [E m?]* (R* = 0.952, p =
0.000, n = 51).

Wetzel (2001) provides a range of phytoplankton primary productivity of 369 to 640 g C
m2yrin eutrophic lakes and a mean of 737 g C m? yr™ for 21 eutrophic reservoirs.
Alpine and Cloern (1992) reported that mean phytoplankton primary production was 106
g C m? yr' before Potamocorbula invasion, and 39 g C m? yr* when Potamocorbula
were abundant. They also reported that, as one might expect, biomass was higher at
low flow rates and long residence times. Predicting carbon export however, is more
difficult than predicting primary production or biomass (Mitsch and Gosselink 1993). A
significant portion of phytoplankton production is rapidly turned over. Export of organic
carbon by rivers has been estimated at 1% of net primary productivity in a watershed
however TOC and DOC concentrations show no consistent trend with productivity and
interactions between terrestrial and aquatic systems and the influence of decomposition
further complicate matters (Ford 1993). Even if we could accurately predict primary
productivity rates and standing biomass, estimating degradation and export of carbon
from these reservoirs is complicated because the fate of phytoplankton and the
corresponding carbon fixed by phytoplankton is not simply a function of hydrology.
Fixed carbon can be held in biomass or mineralized and released as CO..
Phytoplankton can die and be decomposed by bacteria, be eaten by zooplankton, or
sink and be incorporated into the sediment only to be later redistributed as organic or
inorganic carbon. Phytoplankton can also release some of the fixed carbon before or
after the organic carbon has been metabolized (Wetzel 2001).

In order to analyze the fate of organic carbon fixed on the islands during plant growth
and develop algorithms that describe degradation and release of organic carbon to the
Delta channels we need to know much more than the expected hydrologic cycle of
these reservoirs. The possible interactions among abiotic factors such as: the
hydrologic cycle, temperature, light and nutrients, and biotic factors such as:
phytoplankton diversity, macrophytes coverage, zooplankton community structure and
the incredibly diverse and elusive microbial component provide an effectively infinite
number of possibilities. This is why rigorous experimentation is necessary to adequately
address questions of photosynthetic production and subsequent release of total organic
carbon from the Delta Wetland Project reservoir islands.

Despite these complexities, one way to start thinking about the question of how much
phytoplankton will affect organic carbon loading on the reservoir islands is to consider
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worst case and best case situations. Chlorophyll a constitutes about 0.3% to 3% of total
phytoplankton dry weight (d.w.) (Lee 1989). If chlorophyll a is on average 1.5% of the
d.w. of organic matter, multiplying the chlorophyll a concentration by 67 (1/0.015) can
be used to estimate d.w. algal biomass (APHA 1980). This is a way to estimate total
algal d.w. biomass, not organic carbon d.w., from chlorophyll concentrations in the
water. In order to estimate organic carbon from chlorophyll, it might be better to multiply
the chlorophyll a concentration by 43 instead of 67. Here’s why. Water accounts for
about 90% of the fresh weight or wet weight of a cell (Madigan et al. 1997) and the
average organic carbon content of algae is approximately 6.5% of fresh weight (Wetzel
2001). Therefore, the d.w. organic carbon content of algal biomass should be about
65% of the total d.w. algal biomass (65% of 67 is 43).

Reasonable estimates for chlorophyll a concentrations in a eutrophic lake or reservoir
could be 10 mg m™ for a best case and 275 mg m™ for a worst case based on Wetzel
(2001). Typical values in the Delta channels are in the lower portion of this range- 10 to
30 mg m™. Assuming a worst case situation as the occurrence of an algal bloom (a
chlorophyll a concentration of 275 mg m™) at the same time as the discharge of a
reservoir island, TOC loading to the water in the reservoir from phytoplankton could be
12 mg L. Thus, phytoplankton carbon loading could be similar to that from the peat
soils, based on Jung’s (2001) estimate of 12.8 mg L™. Assuming the best case situation
of low phytoplankton biomass (a chlorophyll a concentration of 10 mg m™), TOC loading
to the water in the reservoir from phytoplankton could be about 0.4 mg L™. Because
particles will settle and turbidity will decrease when channel water is put on the islands,
it seems reasonable to expect that in a light-limited, phytoplankton dominated situation,
a worst case scenario would be above the 30 mg m™ concentration seen in the Delta
channels. However, wind mixing and resuspension must be considered. Therefore, the
275 mg m™ chlorophyll concentration seems unlikely, especially for the entire water
column, and a concentration between 30 and 275 mg m™, such as 150 mg m™ seems
more reasonable. In addition, a worst case chlorophyll concentration of 150 mg m™ is
consistent with the highest average concentration observed in SMARTS (Special
Multipurpose Applied Research Technology Station) Experiment 1 (tank three). A
chlorophyll concentration 150 mg m™ would result in organic carbon loading of 6.5 mg L°
! which is also consistent with TOC and DOC data from SMARTS Experiment 1. The
average difference between TOC and DOC concentrations in tank three was about 10
mg L™, and on the order of what should be expected from phytoplankton POC loading
based on the average chlorophyll a concentration at about 150 mg m™ (150 mg m™ * 43
= 6.5 mg C LY. The 150 mg m™ chlorophyll concentration suggests that organic carbon
loading from phytoplankton might be similar but less than organic carbon loading from
the peat soil. However, the results from tank three were in two feet of water. As the
depth increases and dilutes the effect of the peat solil, the relative role of phytoplankton
is likely to increase, especially if the reservoirs remain well mixed and a bloom
concentration of phytoplankton is found throughout much of the water column.

Phytoplankton can also release dissolved organic carbon but in healthy actively growing

phytoplankton the amount is usually low at about 1% to 5% of photosynthetically fixed
carbon (Wetzel 2001). Conditions of stress, such as light limitation, can cause

123



phytoplankton to significantly increase the release of DOC but the amount is usually
less than 20% of the photosynthetically fixed carbon (Wetzel 2001). Depending on the
dominant species of phytoplankton, a reasonable range for the particle size diameter is
1 to 100 pm. Thus, most of the carbon loading from phytoplankton would be in the form
of 1 to 100 um POC rather than DOC as it leaves the island. However, we know that
much of the organic carbon loading to shallow aquatic systems is as DOC from wetland
sources, therefore phytoplankton may not be a large source of organic carbon loading
relative to submersed and emergent macrophytes (Wetzel and Sondergaard 1998). This
suggests that phytoplankton may not be a dominant source of organic carbon loading in
these reservoirs. Bacterial production of organic carbon is correlated with algal
production and can also increase organic carbon loading, on average by about 20 % of
algal primary productivity (Ford 1993).

4.3.2 Scenario Two, desired storage operations, reservoirs filled in winter and
emptied in summer

Scenario Two represents a situation where phytoplankton would likely dominate the
reservoir initially, but in three to five years, the reservoir would probably shift to a more
submersed macrophyte dominated system. Similar to phytoplankton, submersed
macrophytes would be limited primarily by the key parameters of temperature and light.
Scenario Two could also develop a significant emergent plant component, especially if
the reservoirs are rapidly drained and shallow water or saturated soil conditions exist for
a few months in late summer and early fall. For example, if the reservoir is drained by
July and remains covered with shallow water or saturated soil through October,
substantial emergent macrophyte growth could develop. Three to five months is
sufficient time to produce a large biomass of submersed aquatic plants or emergent
plant especially after one or two years of recruitment and the development of a large
propagule bank (similar to a seed bank in terrestrial soils but more concerned with
vegetative propagules).

Tall, aggressive and rapidly growing submersed macrophytes are often dominant in
shallow lakes but can coexist with phytoplankton under eutrophic, high nutrient
conditions (Wetzel 2001). Submersed plants can colonize a substrate down to the
compensation depth, which is the depth where the available light is about 1% of the
average light at the surface of the water (Sculthorpe 1967, Vant et al 1986). The optical
model suggests that this compensation depth is well above the bottom of the reservoir
islands when they are full at 20 feet deep. Hence, as long as the water remains turbid
and deep, submersed aquatic plants should have difficulty colonizing the islands.
However, as the reservoirs are eventually drained, enough light will become available
for submersed aquatic plants to colonize the substrate.

Once submersed plants get started in the nutrient rich peat substrate, they will probably
grow rapidly. In just a few months of growth, these plants can store carbohydrate
reserves in stem and root tissue. Then at the start of the next growing season, they can
utilize these reserves to grow, without light, and reach above the compensation depth,
even if the water depth returns to the maximum 20 feet. While water depths around 20
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feet may not be optimal for submersed aquatic plant growth, these depths will not
necessarily prohibit the growth of species commonly found in the Delta. Smith and
Barko (1990) report that Myriophyllum spicatum is typically most abundant in water 1 to
4 m deep (about 3 to 13 feet), it can be found in water up to 10 m deep (about 33 feet).

Given the 38 proposed recreational facilities with boat docks and immediate proximity of
these reservoirs to waters already heavily infested with invasive weed species, it is
likely that wildlife or human activity will transport fragments to the reservoir islands.
Unfortunately, screening intake siphons and educating people that might intentionally or
unintentionally transport plant material to the reservoirs, while good ideas, would
probably only reduce the speed at which invasive species become established. The
abundance of submersed aquatic vegetation in the waters that will be diverted to these
reservoirs must also be considered in the design of intake siphon screens so that they
don’t plug or fail to screen out fish and weed fragments. A more novel approach to
combating invasive species that could be considered is the establishment of native
species and aggressive monitoring and management of invasive recruits. The
successful establishment of natives will require careful selection of species based on
knowledge of the fill and drain cycle and an ability to manage that cycle for plant
species or have a predictable and consistent cycle. A variable year to year fill and drain
cycle will keep the reservoir system in a disturbed state and will probably favor
opportunistic, invasive species.

Rooted macrophytes will tend to stabilize the bottom sediments, reducing wind-driven
sediment resuspension. Macrophyte roots and stems will also create a sheltered
boundary layer that may increase the rate of sedimentation. These mechanisms will
tend to create a positive feedback between water clarity and macrophyte growth: More
macrophyte growth will increase sedimentation, which will increase water clarity, which
will increase macrophyte growth. When and how quickly this happens will depend very
sensitively on the managed water depth, turbidity, and mixing processes.

In Scenario Two, a worst case situation might be the development of a dense stand of
submersed macrophtyes effectively covering the entire bottom of the reservoir, and the
rapid death and decay of the plants making all of the organic carbon available for
export. The submersed aquatic plant species that are likely to establish in the reservoir
islands in clude: Egeria densa, Myriophyllum spicatum, Potamogeto crispus,
Potamogeton pectinatus, Potamogeton nodosus, Ceratophyllum demersum, Cabomba
caroliniana. It should be pointed out that submersed aquatic vegetation provides a
massively diverse three-dimensional substrate for attached microbial communities and
that epiphytic algae may be more important than the submersed macrophytes in terms
of productivity of the ecosystem (Wetzel and Sondergaard 1998).

Regardless of the complex ecological interactions between microbial communities and
submersed macrophytes, it is important to point out that these reservoir islands have
the potential to be highly productive systems. Conditions that develop in the reservoir
islands will probably be similar to those in Delta waters adjacent to the reservoir islands,
such as Frank’s Tract, Sandmound Slough and Seven Mile Slough. Published data on
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the standing biomass of submersed vegetation vary widely because of inconsistencies
in excluding or including underground organs, epiphytic algae and inorganic matter.
However a reasonable range for estimates of submersed macrophyte biomass for
species such as Ceratophyllum demersum, Potamogeton pectinatus is about 100 g d.w.
mto 1000 g d.w. m? (Sculthorpe 1967). In the spring and early summer of 1996,
average biomass measurements made in Sandmound Slough and Seven Mile Slough
were about, 1800 g d.w. m? and 2100 g d.w. m™ respectively, and suggest that Egeria
densa biomass in the Delta is at the upper end or above Sculthorpe’s range (Anderson
et al. 1996). The fresh or wet weight of an average submersed macrophyte is about
6.5% carbon and about 90% water, and the dry weight of an average cell is about 50%
carbon (Wetzel 2001, Sculthorpe 1967, Madigan et al. 1997). Reasonable estimates of
organic carbon loading from macrophytes on the reservoir islands could probably be
derived from monitoring in reasonable detail: macrophyte productivity and biomass,
TOC and DOC concentrations and the hydrologic factors in Frank’s Tract, Sandmound
Slough and Seven Mile Slough.

In August of 2001, ERA measured TOC and DOC in a lake that is geographically
located in the northwestern part of the Delta but hyrologically separated from the Delta
except that it overflows into the Delta during significant winter rain events. The lake is
filled with well water, which is probably low in DOC, and has abundant submersed
macrophyte growth with minimal phytoplankton. ERA also measure TOC and DOC in
the lake water after it had overflowed from the lake and moved through a small, dried-
cattail wetland. DOC and TOC concentrations in the lake were 6.0 and 6.6, respectively.
DOC and TOC concentrations after the lake water had flowed through the small wetland
increased to 7.2 and 8.3 mg L™, respectively.

Organic carbon loading from macrophytes can also be estimated by considering a worst
case situation. High submersed plant biomass measurements that range from 1000 g
d.w. m? (Sculthorpe 1967) to an in-Delta estimate of 2100 g d.w. m? (Anderson 1996).
Assume a reservoir could have 1000 g d.w. m of submersed macrophytes and about
half of the carbon in the plants were released as DOC if the plants suddenly die. DOC
loading would be about 250 g m? yr. In a reservoir filled to 20 feet, the corresponding
DOC concentration could be about 41 mg C L™. This estimate of organic carbon loading
is far more than what was estimated from several experiments conducted for the DW
Project (Appendix C3, 1995 EIR/EIS). The actual concentration of DOC in the discharge
water would depend on interactions among timing, microbial activity and physical
conditions. The important point is that submersed aquatic plants, like phytoplankton,
might flourish on these reservoir islands and contribute to organic carbon loading on a
scale equal to or greater than organic carbon loading from peat soils (Jung 2001). Also,
organic carbon loading from phytoplankton or submersed aquatic plants would, for the
most part, be in addition to the peat soil carbon loading. However, there could be some
interaction between DOC from the peat soils and primary productivity, especially at
higher levels. For example, DOC from the peat soils might color the water enough to
substantially reduce primary productivity via increased light attenuation (Carpenter et al.
1998).
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Photosynthetic production from submersed macrophytes and the subsequent release of
total organic carbon could potentially be large and is likely to be highly variable on the
reservoir islands. Making predictions is a difficult task because of complex interactions
among submersed macrophytes, attached algae and phytoplankton. For example, the
presence of epiphytic algae affects the amount of organic carbon released to the water
from macrophytes by physically and metabolically separating the macrophytes from the
surrounding water (Losee and Wetzel, 1993). Submersed macrophytes could facilitate a
net negative organic carbon export, in other words, a reduction in organic carbon from
other sources such as phytoplankton and peat soils, especially if water is discharged
from the reservoir islands during or soon after rapid growth of submersed macrophytes
and epiphytic microbiota. Attached algal productivity can exceed that of the submersed
macrophytes and phytoplankton combined and DOC entering the macrophyte-epiphyte
complex can be effectively scavenged (Wetzel and Sondergaard 1998).

4321 Carbon Transformations

The amount of organic carbon released from the system depends not only on the level
of primary production, but also how the organic carbon can be transformed before it is
discharged from the system. Of particular importance is the decay of the macrophytes
because usually more materials are transferred through detrital pathways relative to
grazing pathways (Mann 1998). There are several main stages in the decomposition of
macrophyte plant material: (1) leaching of dissolved organic matter from dead material,
(2) fragmentation of the material to particulate organic carbon (POC), and (3) utilization
of the organic matter, largely by microbes. A summary of the breakdown of macrophyte
litter is given in Figure 4-3.

The initial breakdown of the macrophyte litter can be rapid. In a study of a Nymphoides
peltata, a floating-leaved macrophyte, only a minimal amount of litter was found to

remain after samples were submersed in litter bags for 40 days (Brock 1994). Bastardo
(1979) found breakdown rates for seven submerged aquatic plants shown in Table 4-1.

Whether macrophyte litter is initially broken down into POC or DOC varies with
environmental conditions and species; however approximately 20-40% of the original
biomass is released as DOC, although there is large variation that can probably be
explained by plant composition (Brock 1994). Emergent macrophytes have more lignin
than submerged and floating-leaved plants, and thus usually take longer to breakdown
and decompose. Brock (1984) found that approximately 23-29% of the original plant
biomass of a floating-leaf macrophyte, Nymphoides peltata, was transformed to DOC by
physical leaching and autolysis within the initial period of decomposition.

Autolysis is the release of DOC from the deterioration of cellular membranes by the
plants enzymes during plant senescence and death (Wetzel 2001). The leaching rate of
the N. peltata seems comparable to rates for other species, such as ca. 19-20% for
Carex litter (Federle and Vestal 1982), and ca. 13% for Phragmites leaves, an emergent
macrophyte (Polunin 1982). Denward and Tranvik (1998) found approximately 40% of
litter from an emergent macrophyte became DOC, whether it leached from litter or POC,
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within a 63 day sampling period. In a study of eelgrass (Zostera marina), Harrison and
Mann (1975) found that an average of 65% of original dry weight is transformed to
DOC.

Figure 4-3. Potential Fates of Macrophyte Detritus
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Table 4-1: Disappearance of seven submerged macrophyte species when placed in
lake water in the dark. Percents are of dry mass lost. The rates of organic matter loss
are slightly higher. (Taken from Bastardo 1979)

Species time of 50% loss (days) Time of 95% loss (days)
Chara sp. 82.6 370.1
Fontinalis antipyretica 50.2 205.4
Ceratophyllum demersum 32.5 152.3
Myriophyllum spicatum 22.0 111.8
Potamogeton lucens 13.2 57.2
Potamogeton perfoliatus 12.9 59.0
Elodea Canadensis 7.6 47.4
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The DOC-POC breakdown also may vary with season, largely due to temperature.
Brock (1984) found that at 20°C, more fine POM was produced at the beginning of
decomposition compared to at 8°C; and at the end of a 46-day sampling period, more
DOC was formed comparatively. In the reservoir islands, decomposition is expected at
temperatures more similar to 20°C. Additional DOC can be released from living plant
material, depending on factors such as nutrient supply and light conditions (Mann
1998). While secretion rates of DOC can vary between 0.05 to 100% of
photosynthetically fixed carbon, most field estimates have been between 1-10% fixed
carbon with maximums occurring during the lowest rates of photosynthesis (Wetzel
2001).

Whether macrophyte litter breakdowns into POC or DOC affects the possible fate of the
organic carbon. The possible fates of the POC not initially in the dissolved form will be
discussed first followed by a discussion of the possible fates of DOC. POC can be
transformed by the following pathways: 1) settling and being incorporated into the
sediments, 2) photooxidation to produce inorganic carbon, 3) leaching into DOC, or 4)
discharged from the system. In aquatic systems, the transformation of POC to other
trophic levels through grazing is unusual (Mann 1998) and will be assumed insignificant
to the transformation of POC in the reservoir islands.

The settling and incorporation of organic matter into the sediments can be significant
depending on whether the macrophyte is still in larger pieces of litter or as smaller POC.
The larger the particle, the more likely it will settle out because of faster sinking rates.
Factors such as the water depth and lake mixing will also affect how much organic
matter is lost to the sediments. These reservoir islands will probably be well mixed by
the wind. Once the POC or litter enters the sediments, which are likely to be anoxic in
the reservoir island if they are permanently flooded, the decomposition of the litter and
POC will be significantly slower and the organic carbon may be stored in the system. As
we mentioned, the islands could act as carbon sinks or sources, or both, depending on
many complex and interacting factors.

POC can be decomposed directly into inorganic carbon by photooxidation. This process
can be significant in the transformation of small POC as well as larger pieces of
macrophyte litter. The extent of photooxidation can be greatly affected by intensity of
photosynthetic active radiation (PAR, 400 to 700 nm waveband), UV-A, and UV-B
radiation. Macrophyte species are affected to different degrees, probably partially due to
factors such as surface area (Anesio et al. 1999). In a study by Anesio et al. (1999), the
extent of photooxidation on four different emergent macrophytes was observed when
exposed to full spectrum light. They found that the photooxidation of POC to inorganic
carbon progressed linearly with time for at least the first 72 hours of exposure. The
samples were exposed to the full light spectrum in the field with intensities of 7722 kJ m’
2 in the PAR range, 585 kJ m? in the UV-A range, and 7 kJ m? in the UV-B range. With
these light intensities, they observed rates of POC to inorganic carbon transformation of
up to 0.055 pg C mg™ dry-mass h™. Much of the photooxidation was thought to be due
to light in the PAR range (72%) that can penetrate to greater depths than UV light. This
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transformation pathway is of significance to the carbon budget because it represents a
loss of organic carbon.

When aquatic macrophytes begin to senescence or die, DOC is quickly leached out of
the plant material. Exposure to UV light can roughly double the amount of DOC leached
from plant litter and POC according to a study by Denward and Tranvik (1998). In their
study, about twice as much DOC was produced in Phragmites australis decayed under
PAR, UV-A, and UV-B light than samples decayed in the shade. At the end of the 63-
day testing period, approximately 40% of the litter's carbon had been transformed to
DOC when the samples were exposed to full solar radiation. The possible fate of this
DOC will be discussed in the next section.

As discussed earlier, DOC can originate directly from the plant litter or from POC. Once
released, DOC can be: (1) utilized directly by microbial activity, (2) photodecayed, (3)
coagulated and flocculated to form POC, or (4) discharged from the system. Overall,
microbial activity is responsible for the majority of decomposition of macrophyte detritus
(Brock 1984). Biologically labile DOC can be consumed by microbes on the order of
hours; the quality and quantity of the DOC that remains after this initial period depends
largely on the temperature and oxygen availability in the system (Wetzel 2001). The
remaining biologically refractory DOC can be transformed into more liable forms with
UV exposure. Photodecay of DOC can produce lower-molecular weight (LMW) DOC
that is more bioavaliable for microbial consumption. This process of photodecay, in fact,
can help regulate DOC levels in aquatic systems (Molot and Dillon 1997). UV-A and
UV-B are generally the wavelength ranges considered to be responsible for most of the
conversion DOM to LMW DOC, while visible light plays a much less significant role
(Molot and Dillon 1997). In a study of DOM from five coastal macrophytes, 58% of the
DOC was mineralized to CO; by microbial action in a 7-day period (Alber and Valiela
1994). While these are coastal macrophytes, similar values were found for freshwater
macrophytes in a number of studies (Wetzel 2001). DOM excreted from live
macrophytes is largely of low molecular weight (Wetzel 2001). Depending on how long
it takes for the discharged water to reach the pumps, assimilation by microorganisms
may ort may not remove much of this carbon (Sundh and Bell 1992). As mentioned
(Alber and Valiela 1994), it would probably be on the order of days for microbial
mineralization to significantly reduce DOC concentrations. If the water discharged from
the islands reaches the pumps in just a few hours, microbial mineralization should be
minimal.

Photodecay is not only important in the transformation of biologically refractory to liable
DOC, but also in the transformation of DOC directly to inorganic carbon (i.e. CO,) (Molot
and Dillon 1997). Decay of DOM to inorganic carbon by photooxidation can be
significant to an extent comparable to the plankton community respiration in the surface
waters of temperate lakes (Graneli et al. 1996). Graneli et al. (1996) found rates of DIC
production ranging from 0.92 ug C h* mg™ DOC in a clear-water lake in southern
Sweden to 1.52 pg C h™* mg™ DOC in a humic lake. Similar rates of 1.56 pg C h* mg™
DOC were seen in samples of DOC derived from dried Phragmites australis. (Anesio et
al. 1999) Therefore, in a three-day period, the length of study by Anesio et al.,
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approximately 11% of the DOC was transformed to inorganic carbon. If we assume that
this rate is representative for a seven-day period, 25% of the DOC will be mineralized.
However, it should be noted that microbial rates of decay decline with time (Wetzel
2001). Also, the rates in the Anesion et al. (1999) study were based on the decay of
material from emergent vegetation, which are likely to be slower than rates for
submerged and floating aquatic vegetation because the latter two have less cellulose
and lignin (Wetzel 2001).

Ultraviolet light plays a significant role in photooxidation, however it generally only
penetrates the top centimeters of the water column depending on water quality. Thus,
the significance of photooxidation in a particular system depends on the depth of the
water, mixing patterns (including stratification), and other factors affecting DOC
exposure to UV light. Also, since laboratory exposures to UV light are often much more
intense than real-world conditions in-situ measurements and experiments should be
performed to estimate photodecay rates in the reservoir islands. The significant and
variable DOM concentration will strongly affect UV attenuation rates.

Coagulation and flocculation can account for the removal of some DOC to the bottom
sediments, especially when the waters are acidified and have elevated aluminum levels.
Lakes with high ionic strength may also have significant amounts of flocculation (Molot
and Dillon 1997). For example, DOM incubated in fresh seawater, approximately 19% of
the DOM transformed to POM (Alber and Valiala 1994). However, since acidic, high
aluminum, or high ionic strength conditions are not expected in the reservoir islands,
this transformation pathway is not likely to be very important.

Significant amounts of organic matter can be transformed in the pathways just
discussed. For submersed and floating plants, up to 80-100 percent of their weight can
decompose within a 15-16 week period (Wetzel 2001). A significant amount of this
organic matter can eventually be converted to inorganic carbon (Brock 1984; Anesion et
al. 1999). Denward and Tranvik (1998) estimated that 14-20% of the emergent
macrophyte, Phragmites australis, will be transformed to inorganic carbon. However,
the rate and method of decomposition varies greatly with plant species and
environmental conditions, factors that must be considered when determining the fate of
organic carbon and the concentration of organic carbon released from the system. The
relationships between diversion timing, discharge timing and plant growth are important
factors in organic carbon loading. For example, if discharge coincides with plant
senescence or as we discussed above, if the plants suddenly die for whatever reason,
the loading to delta channels could be a large percentage of the production on the
islands. On the other hand, if discharge coincides with certain, arguably special, clear-
water conditions the net effect might be negative loading, that is, the islands could act
as a sink for organic carbon in the diverted channel water, especially with high TOC
concentrations in winter diversion water. Those clear water conditions include high
settling rates of POC, high rates of microbial uptake and metabolism of DOC and high
clearance rates of planktonic and sessile metazoans and larger suspension feeders.
Young, actively growing and dense submersed vegetation might also facilitate TOC
removal by increasing particle settling and providing a substrate for bacteria and
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metazoans. It might be possible to use relationships among ecological processes and
diversion and discharge timing as a management tool but it would require a great deal
of study to work out the details and develop a plan. One potential problem is that active
and dense macrophyte growth might clear the water during a storage event only to be a
major source of DOC in a subsequent storage event because the plants die and
decompose due to drawdown. Because of all the potential variation, laboratory
experiments and field experiments using project hydrology, Delta peat soils, Delta water
and aquatic plants commonly found in the delta are necessary to reasonably estimate
what carbon fluxes on the islands might be.

4.3.3 Scenario Three, no storage, minimum diversion

Scenario Three is likely to function as a wetland with emergent plants dominating. This
scenario is likely to be the most important in terms of photosynthetic production and
subsequent release of total organic carbon. The key parameters affecting emergent
macrophyte growth should include temperature and flooding. Specifically, the timing,
depth and duration of flooding. Shallow water and frequent alternations between
flooding and draining of the reservoirs, such as tidal flushing or river flooding would
provide favorable conditions for emergent plant growth. More stagnant and deeper
wetlands have lower productivity and lower carbon export rates than shallow wetlands
with open flows or intermittent flooding. As we discussed above, there are many
interacting factors that influence the transformation and export of macrophyte derived
organic carbon. Most of these factors are similar for submersed and emergent
macrophytes with a major difference being a general slowing of processes with
emergent macrophytes because they have relatively more lignin and cellulose than
submersed plants. The emergent macrophyte wetland is recognized as the system of
maximum productivity anywhere on earth (Wetzel and Sondergaard 1998), thus
emergent plants could play a major role in organic carbon loading on the reservoir
islands. The likely assemblage of emergent plants in the reservoir islands includes
Typha spp, Scirpus spp, Phragmites sp., Ludwigia peploides, Polygonum sp.,
Myriophyllum aquaticum, and Hydrocotyle spp. It is important to point out that while this
emergent plant growth and corresponding organic carbon production may be a problem
for the treatment of drinking water, it may also be a benefit for fish and wildlife. Of
course, many other complex ecological questions enter the picture when considering
fish and wildlife, such as the proliferation of invasive species and methylation of
mercury.

Sculthorpe (1967) provides a reasonable estimate of emergent macrophyte biomass for
species such as Typha latifolia and Typha angustifolia at about 4000 g d.w. m™ to 5000
g d.w. m™. This value is about 500% larger that that of submersed macrophytes which
we have already discussed as potentially contributing much more organic carbon
loading than the peat soils. We have also already discussed the difficulties in translating
primary production to organic carbon export. However, Mitsch and Gosselink (1993)
provide a range of organic carbon export for freshwater wetlands at 2 to 10 g C m? yr™,
This range is similar to the range of 1 to 9 g C m™? yr estimated for the DOC loading
from peat soils (Jones and Stokes 2000). Floating aquatic plants may also become
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established on the reservoir islands in any of the three scenarios, especially Eichhornia
crassipes. However, it may be desirable to keep Eichhornia crassipes off the reservoir
islands because it may facilitate other exotic and opportunistic species, reduce
dissolved oxygen levels and increase water loss via transpiration by as much as 500%
(Sculthorpe 1967, Simenstad et al. 2000). Depending on the management options
available and a commitment to early identification of recruits and swift implementation of
appropriate management actions it may be relatively easy to keep Eichhornia crassipes
off of the reservoir islands.

4.4 Conclusions and Recommendations

Table 4-2. Predicted TOC Concentrations in Reservoir Island Water
from Algae and Vascular Aquatic Plants (mg C L™)

Best Case Expected Range Worst Case
Scenario 1 0.4 1t06.5 12
Scenario 2 sink 1to 10 500
Scenario 3 sink 5to 50 2000

In conclusion, the algae and aquatic plant component of photosynthetic production and
subsequent release of total organic carbon from the Delta Wetland Project reservoir
islands could be similar to or larger than the peat soils component. This report is a
starting point and provides reasonable ranges for organic carbon production and
loading from algae and aquatic macrophytes (Table 2). In order to reduce uncertainty
and make more specific predictions with reasonable confidence, a larger commitment of
resources is necessary and must include both modeling and experimentation with algae
and aquatic plants from the Delta. Precise quantitative predictions are an unrealistic
expectation relative to the limited time and resources available for the completion of this
report. ERA recommends the addition of experimental data specific to the proposed
project in order to increase confidence in predictions. Additional studies are needed to
properly and thoroughly describe the complex ecological processes that will affect both
short term and long term plant growth and carbon export for the reservoir islands.
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Chapter 5 Water Temperature and Dissolved Oxygen Studies

5.1 Introduction

A preliminary water quality study was conducted to determine the temperature and
dissolved oxygen (DO) impacts of the In-Delta Storage project within the flooded
storage islands and to the adjacent riverine system. Water temperature and DO
requirements for the In-Delta Storage project are specified in State Water Resources
Control Board Decision 1643. According to Condition 20b of Decision 1643:

Permittee shall minimize or avoid any adverse effects to water temperature due to

discharge from a reservoir as follows:

I.) When the temperature differential between the discharge and receiving
waters is greater than 20° F, there shall be no discharge.

ii.) When channel water temperature is 55 ° F or higher but less than 66 ° F,
discharge shall not increase channel temperature by more than 4° F.

iii.) When channel water temperature is 66 ° F or higher but less than 77° F,
discharge shall not increase channel temperature by more than 2° F.

iv.) When channel temperature is 77 ° F or higher, discharge shall not increase
channel temperature by more than 1° F.

Dissolved oxygen requirements are specified under Condition 19a of Decision 1643:

Permittee shall not discharge water from the reservoir islands if the water discharged
has a dissolved oxygen level of less than 6.0 mg/l or would depress the dissolved
oxygen level in the adjacent channel of the Delta to less than 5.0 mg/Il, or would depress
the dissolved oxygen level in the reach of the San Joaquin River between Turner Cut
and Stockton to less than 6.0 mg/l during September through November.

The preceding temperature and DO criteria were developed to protect the fishery
resources in the Delta. To provide an understanding of the project impacts to water
quality, observed temperature and DO data was analyzed and a heat budget and DO
balance model was developed. The results this report are not intended to be final and
conclusive, but rather it should provide insight on the temperature and DO behavior
within the island system and the possibility of exceedances to Conditions 20b and 19a.

5.2 Methodology

According to project specifications of the In-Delta Storage Project Study, the
temperature and DO analysis would be a localized study of the two reservoir islands:
Webb Tract and Bacon Island. A temperature and DO analysis using a river network
model (such as DSM2) was not conducted due to the lack of an existing island
temperature and DO algorithm and due to time constraints. The temperature and DO
study was conducted through a combination of analyzing observed data and through
spreadsheet modeling. The analyses of observed data provided a range of temperature
and DO values in the Delta and established upper and lower bounds. An island
temperature and DO algorithm was developed with an Excel spreadsheet and the
model was tailored to the unique specifications of this project. The temperature and DO
algorithm is based on the fundamental components of the heat budget and dissolved
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oxygen balance. Impacts to the adjacent river were analyzed through mass balance
equations. The modeling was conducted using a daily time step and using daily
averaged meteorological and flow data. It was also assumed that the flooded islands
would be completely mixed due to the high winds that are experienced throughout the
year in the interior Delta. Four years were investigated for temperature modeling: 1998,
1999, 2000 and 2001. The DO modeling examined the period 1998 to 2000.

5.3 Data Collection Stations

The meteorological and flow stations used in the heat budget and mass balance
eguations are depicted in Figure 5-1 and summarized in Table 5-1. The heat budget
algorithm requires data for shortwave solar radiation, wind speed and air temperature.
Shortwave solar radiation data was taken from Cimis Station #140 located on Twitchell
Island. Wind speed from Rio Vista was used for both Webb Tract and Bacon Island.
Air temperature data representative of Webb Tract was taken from the Rio Vista station
while air temperatures from the Stockton Ship Canal were used for Bacon Island.
These assignments are summarized in Table 5-2. Stockton and Rio Vista air
temperatures are shown in Figures 5-2 and 5-3 respectively. Annual and seasonal
average air temperatures for the periods January 1 to December 31 and April 1 to
August 31 are summarized in Table 5-3. The April 1 to August 31 time window is of
interest since this is the period when releases from Webb Tract and Bacon Island may
occur.

Table 5-3 indicates that the years 2000 and 2001 were warmer than the years 1998 and
1999. For the April-August time window, the warmest year, 2001, is 2.8 degrees higher
than the coolest year, 1998. From Figures 5-2 and 5-3 it appears that the year 2000
(blue) and particularly 2001 (yellow) had a warm spring and early summer, but had
milder temperatures for the remainder of the year. In contrast, the years and 1999 (red)
and particularly 1998 (magenta) appear to have cooler temperatures in the winter and
spring with temperatures increasing in the mid to late summer.

The two flow stations used in the Webb Tact and Bacon Island mass balances are the
San Joaquin River at Jersey Point and Old River at Bacon Island. Although not
adjacent to Webb Tract, the Jersey Point station is the closest flow gage to the island.
Jersey Point daily average flows (Figure 5-4) appear to be 2 to 3 times higher in 1998
than in 1999 and 2000. A daily peak flow of over 90,000 cfs was observed in 1998 as
opposed to roughly 40,000 cfs in 1999 and 2000. During the lower volume years, the
Jersey Point flow fluctuated between positive and negative values starting in early
spring as the river was affected by tidal influences.

Old River (Figure 5-5) is a smaller and slower moving river as opposed to the San
Joaquin. Daily average flows at Bacon Island in 1998 peaked around 9000 cfs and
didn’t reverse flow until mid-summer. In the lower volume years of 1999 and 2000, the
flow reversed in mid winter and maintained mostly negative daily flow values for the
remainder of the year. The cause of the flow reversal is a combination of tidal
influences and pumping at the State and Federal pumping plants into Clifton Court
Forebay.
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TABLE 5-1 DELTA METEROLOGICAL AND FLOW STATIONS

Station Name Database Frequency of Period of Record
Source Data Collection
Rio Vista Air Temperature CDEC' Hourly May 1983 - present
Rio Vista Wind speed CDEC Hourly May 1983 - present
Stockton Air Temperature IEP” Hourly May 1983 —Sep 2001
Twitchell Island Solar Radiation ucC IPM® Daily Jan 1997 - present
San Joaquin at Jersey Point Flow"” IEP 15 Min Dec 1993 — Nov 2000
Old River at Bacon Island Flow”® IEP 15 Min Dec 1985 - Aug 2000

! California Data Exchange Center

2 Interagency Ecological Program

3 University of Integrated Pest Management Project

* Flow data for 2001 not available

® 15-minute flows were daily averaged for use in this study

TABLE 5-2 METEROLOGICAL AND FLOW STATION ASSIGNMENTS

Station Type Webb Tract Bacon Island
Shortwave Solar Radiation Twitchell Island Twitchell Island
Cimis' Station #140 Cimis Station #140
Wind speed Rio Vista Rio Vista
Air Temperature Rio Vista Stockton Ship Canal
Channel Flow San Joaquin at Jersey Point Old River at Bacon Island

'California Irrigation Management Information System

TABLE 5-3 ANNUAL AND SEASONAL AVERAGE AIR TEMPERATURE
(Based on Daily Average Temperatures)

Rio Vista Stockton Ship Canal
Year Ave Deg F Ave Deg F Ave Deg F Ave Deg F
(Jan-Dec) (Apr-Aug) (Jan-Dec) (Apr-Aug)
1998 59.2 65.8 58.8 65.9
1999 58.9 64.9 59.3 66.1
2000 59.8 67.0 60.0 67.8
2001 * 68.6 * 68.7

* Only January —September air temperature values available

Water temperature stations are displayed in Figure 5-6 and summarized in Table 5-4.
The stations cover a variety of temperature conditions in the Delta from the main stem
San Joaquin, slow flowing tributaries, agricultural drains, and fairly stagnant large water
bodies. The temperature stations used for comparisons and mass balances are
summarized in Table 5-5. The San Joaquin River has two continuous recording
stations near Webb Tract at San Andreas Landing and Prisoners Point. San Andreas
has been operational since February 1999 while Prisoners Point has been operating
seasonally since April 1997. These two stations appear to have the lowest
temperatures of the stations analyzed and are perhaps subjected to cooling influence of
the Pacific Ocean, and the Mokelumne River that flows out between the two locations.
The closest continuous recording station near Bacon Island is Old River at Holland Cut,
which has been operational since February 1999. Intermittent temperature readings are
taken at Old River at Bacon Island and Old River at Highway 4 usually on a monthly
basis.
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TABLE 5-4 DELTA WATER TEMPERATURE STATIONS

Station Name Database Frequency of Period of Record
Source Data Collection
San Joaquin at San Andreas CDEC’ Hourly Feb 1999 - present
Landing
San Joaquin at Prisoners Point IEP? Seasonal, 15 min Apr 1997 — Jul 2000
Old River at Holland Cut CDEC Hourly Feb 1999 - present
Old River at Bacon Island wbDL® Intermittent Nov 1994 — Mar 2001
Old River at Highway 4 WDL Intermittent Mar 1989 — Mar 2001
Twitchell Agricultural Drain WDL Intermittent Jul 1989 — Mar 2001
Bacon Agricultural Drain WDL Intermittent Jan 1990 — Nov 2000
Franks Tract IEP Intermittent Aug 1998 - Jun 2001
Clifton Court Inflow WDL Intermittent Jan 1984 - Oct 1994,
Feb 1998 - Dec 2000
Stockton Ship Canal IEP Hourly May 1983 — Sep 2001

! California Data Exchange Center
Z Interagency Ecological Program
® California Department of Water Resources Water Data Library

Water temperatures from agricultural drains and stagnant large water bodies were also
analyzed. Both Twitchell Island, northwest of Webb Tract, and Bacon Island have
intermittent temperature readings taken at agricultural drains. Franks Tract is a flooded
Delta Island, south of Webb Tract, with intermittent temperature data. The levees of
Franks Tract were breached in several locations, and the hydraulics through the island
is more representative of a flow through system rather than a reservoir system.
Sporadic temperature data is also available for the Old River at the intake to Clifton
Court Forebay. Temperatures taken at this station may be slightly different than at mid-
forebay, however this is the only known station close to this large standing water body.
As a final comparison, hourly temperature data from the Stockton Ship Canal at Burns
Cutoff was also investigated. The Stockton Ship Canal is a deep, slow flowing reach of
the San Joaquin River located west of Stockton. The stagnant hydraulics of the canal,
in combination with warm Stockton temperatures and lower wind velocities, subject the
ship canal to considerable heating during the summer.

TABLE 5-5 WATER TEMPERATURE STATION ASSIGNMENTS

Webb Tract Period Used Bacon Island Period Used
San Joaquin at San Andreas (1999-2001) Old River at Holland Tract (1999-2001)
San Joaquin at Jersey Point (1998) Old River at Bacon Island (1998)

5.4 Analysis of Observed Temperature Data

An analysis of observed data was conducted to provide a range of temperatures in the
Delta and to establish upper and lower bounds. Plots of observed water temperature
data are given in Figures 5-7 to 5-10. The plots are based on hourly temperature
readings for the continuous stations, and the recorded temperatures and times for spot
readings. The year 2000 will be analyzed first since this year possesses the most
observed data. The stations compared will be Old River at Bacon Island, Bacon Ag
Drain, Old River at Highway 4, Clifton Court Inflow, Franks Tract, Old River at Holland
Cut, San Joaquin River at San Andreas, San Joaquin River at Prisoners Point, and the
Stockton Ship Canal. The coolest water temperatures are on the San Joaquin River at
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San Andreas Landing (aqua line) and Prisoners Point (yellow line). The temperatures
at these two stations are fairly similar with temperatures at the downstream station, San
Andreas, being slightly lower, perhaps due to cooling by the Mokelumne River. The
San Joaquin River at San Andreas Landing reached a peak hourly temperature of 75.4°
F in the early evening of August 2, 2000.

Temperatures at Old River at Holland Cut (purple line) are 1° F to 2° F higher than the
San Joaquin temperatures throughout the winter, but rise 2° F to 4° F higher during
occasional temperature peaks in the summer. The Old River at Holland Cut reached a
peak temperature of 79° F in early August 2000. Temperature differences at Holland
Cut and the San Joaquin stations are possibly due to the reverse flow hydraulics on the
Old River that draws from the pool at Franks Tract. It appears that Franks Tract
temperatures (red triangles) are similar to temperatures at Holland Cut (purple line). In
addition, water temperatures at Clifton Court intake (blue diamonds) closely follow
temperatures at the Old River at Holland Cut.

The Stockton Ship Canal has the highest temperatures of the continuous recording
stations analyzed. In late June and early August, water temperatures exceeded 80° F
for several days, with a peak temperature of 83.5° F recorded in the late afternoon of
August 2, 2000. Differences in temperature between the Stockton Ship Canal and the
San Joaquin at San Andreas Landing range between roughly 2° F to 8 ° F during the
summer. Summer temperature differences between the Stockton Ship Canal and the
Old River at Holland Cut are roughly 2° F to 6° F.

The temperatures for Old River at Bacon Island (magenta boxes), Old River at Highway
4 (brown circles) and the Bacon Island Agricultural Drain (light blue Xs) appear to have
the highest values of the intermittent readings. At some times, the temperatures at the
three stations are identical while other times the temperature at Bacon Ag Drain is 2° to
3° F higher and in some cases (see 1998 and 1999) lower. The exact cause for this
deviation is not known, but a possible reason is sampling error. During the year 2000,
the Bacon Island water temperatures appear to follow temperatures recorded at the
Stockton Ship Canal. The higher temperatures at Old River at Bacon Island can
perhaps be attributed to the sampling site, which, according to the Municipal Water
Quality Investigations Program (2001), is located near the bank in an area surrounded
by tulles and other vegetation. The area does not get much mixing and the slower
moving water in this shallow area would probably be subjected to significant solar gain,
thus increasing the water temperature.

The year 2001 had similar meteorological conditions to the year 2000, and the water
temperature stations with available data are plotted in Figure 5-8. Trends detected in
the year 2000, are also noticed in 2001. Of the continuous recording stations, the San
Joaquin River at San Andreas Landing (aqua line) had the lowest water temperatures
while the Stockton Ship Canal (orange line) had the highest. Peak water temperatures
at San Andreas Landing and the Stockton Ship Canal were 77.3° F and 83.8° F
respectively, both recorded in the late afternoon of June 22, 2001. Old River at Holland
Cut (purple line) recorded a high temperature of 80.1° F in the early evening of July 3,
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2001. Franks Tract (red triangles) temperatures again closely follow the temperatures
of Old River at Holland Tract, while the Old River at Bacon Island (magenta squares)
and at Highway 4 (brown circles) appear to follow Stockton Ship Canal temperatures.
Temperature differences between the Stockton Ship Canal versus San Andreas
Landing and versus Holland Cut are both in the range of 2° to 8° F.

The year 1999 (Figure 5-9) was a slightly cooler year than 2000 and 2001. Peak water
temperatures at San Andreas Landing (aqua line), Holland Cut (purple line) and the
Stockton Ship Canal (orange line) were 75.8° F (June 30), 79.8° F (July 12) and 82.4°
F (June 29) respectively. Differences between Stockton Ship Canal temperatures and
San Andreas Landing temperatures during the summer range from about 2° to 8° F.
The summer differences between the Stockton Ship Canal and Holland Cut range from
approximately 1° to 8° F. Again Franks Tract temperatures (red triangles) and Clifton
Court intake (blue diamonds) closely follow Old River at Holland Tract temperatures.
Oddly, in 1999, the spot temperature readings at Old River at Bacon Island (magenta
squares), at Highway 4 (brown circles), and Bacon Ag Drain (light blue Xs) seem to
follow the Holland Tract (purple line) data more closely.

The year 1998 had similar temperatures to 1999, and it also had highest winter flows.
Figure 5-10 displays the available water temperature data, which is unfortunately
lacking the continuous data of San Andreas Landing and Holland Cut. Seasonal data
for the San Joaquin at Prisoners Point (yellow line) is the only continuous data to
compare Stockton Ship Canal temperatures to. As expected from a cooler year with
higher flows, the water temperatures of the San Joaquin River at the Stockton Ship
Canal (orange line) and the San Joaquin River at Prisoners Point are fairly identical.
The shorter residence time, due to higher flows, prevented the Stockton Ship Canal
from storing heat. Stockton Ship Canal temperatures peaked at 79.7° F on August 5,
1998. Based on the available data, the highest temperature reading for Prisoners Point
was 78.8° F recorded on July 20, 1998. In addition, temperatures around the Delta
appear to be identical as can be seen in the blending of Clifton Court intake (blue
diamonds) and Franks Tract (red triangles) temperatures with the Stockton Ship Canal.
Using the OId River at Bacon Island station as a comparison to Prisoners Point, it
appears the temperature difference for 1999 is roughly between 0° F to 5° F.

5.5 The Island Water Temperature Algorithm

An island temperature model was developed to study the temperature differences that
would occur between the flooded islands and the adjacent river channel. The island
temperature model was written in Excel to tailor the model to project specifications
including addressing certain temperature criteria issues, producing specialized plots,
and linking the temperature output to a specialized dissolved oxygen model. The island
temperature algorithm uses daily averaged meteorological, temperature, and flow data
and is based on a daily time step. It assumes complete mixing within flooded islands
due to the high winds experienced in the interior Delta. As a result, thermal stratification
will not be considered in this study. Moreover, modeling a stratified reservoir is not
practical unless temperature profile data has been collected over a period of time to
calibrate and verify the model. Volume, surface area and depth relationships are based
on area-capacity and depth-capacity curves provided by The DW Project. The
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algorithm is based on the fundamental components of the heat budget equation
displayed in Figure 5-11 and given by:

Ag= djo + (qa—qb)+qs—qc—qe

Where

Aqg is the change in the heat capacity of the water body

Jio is heat transfer in or out from filling and releasing

0Ja Is the longwave radiation emitted from the atmosphere

Oo is the longwave back radiation emitted from the water
surface

gs Iis solar short wave radiation gain

gdc Is the loss or gain from convective heat transfer
(sensible heat)

ge Is loss of energy due to evaporation or gain from
condensation (latent heat)

q is in Units in energy flux density: Btu/day-ft* or cal/day-cm? or W/m?

Heat transfer due to filling the reservoirs can be determined through

Where:
p = density of water = 1000 kg/m? or 62.4 Ibm/ft®
C, = specific heat of water = 4.182 kJ/kg-°C or 1.00 Btu/lbm-°F
Qg = Pumping rate of river water into the island
T, = Temperature of incoming river water
Area = Surface area of the flooded island

Solar shortwave (gs) radiation is the radiation emitted from the sun. It is dependent on
the solar altitude, which will vary with the date, time of day, and location on the earth’s
surface. Shortwave radiation is also dependent on the scattering and absorption of
sunlight, reflection at the water surface, and shading effects. Solar radiation is normally
obtained through direct measurements and, for this study, was taken from CIMIS station
#140 at Twitchell Island. Longwave radiation is broken into two components:
atmospheric and water surface back radiation. Atmospheric longwave radiation (qa) is
emitted by the atmosphere and terrestrial objects and is defined by:

_ 0(Ta+273)*(A+0.031 v/ea)(1-RL)
9a= Area

Where:
o = Stefan-Boltzman Constant = 11.7x10°® cal/(cm?-day-K*)
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Ta = Temperature of the air (°C)
A = a coefficient (0.5-0.7)

e, = air vapor pressure (mm Hg)
R. =reflection coefficient=0.03.

The water surface emits longwave radiation back to the atmosphere. This back
radiation (qp) is a function of water temperature and is given by:

— g0 (Tw+273)*
Area

ay, =

Where:
€ = emmissivity of water (approximately 0.97)
o = Stefan-Boltzman Constant = 11.7x10-8 cal/(cm?-day-K*)
Tw= Temperature of the water (°C).

Atmospheric radiation is a heat gain (+) to the waterbody while back radiation is a heat
loss (-). Back radiation is usually larger than atmospheric radiation so the term (ga-Qp)
is a net heat loss to heat budget equation.

Sensible heat, or convection, is the heat transfer that occurs due to the mass movement
of fluids. In reservoir systems, this heat transfer occurs through wind blowing over the
water surface. The convection term (qc) is a function of the wind velocity and the
temperature gradient between the water and the air.

—cf (Uw)(Tw-Ta)
Area

Qc =

Where:
c = Bowen’s coefficient (approximately 0.47 mm Hg/°C)
f(Uy) = 19.0 + 0.95U,/°
Uw = wind velocity in m/s
Tw = Temperature of the water (°C)
Ta = Temperature of the air (°C)

Latent heat is the heat transfer that occurs though a change in phase from a liquid to a
vapor (evaporation) or a vapor to a liquid (condensation). Latent heat is a function of
the wind speed and the gradient between the saturation vapor pressure at the water
surface and the air vapor pressure. Evaporative heat loss is highest when the relative
humidity is low and wind velocities are high.
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_ —f(Uw)(ew-€a)
Ge= Area

Where:
f(Uw)= 19.0 + 0.95U,,2
Uw = wind velocity in m/s
ew = saturation vapor pressure at water surface (mm Hg)
e, = air vapor pressure (mm Hg)

In the island temperature algorithm, the individual components of the heat budget are
computed and substituted into the budget equation to compute the change in heat
storage.

Ag= Jjo + (qa_qb)+qs—q0_qe

The total heat at the current time step is equal to the total heat of the previous time step
plus the change in storage.

qt= d._;+ Aq

Where:
Aqg = the change in the heat storage of the water body
g: =total heat attimet
gi-1 = the total heat of the previous timestep

The temperature of the current time step can then be computed through the following
equation:

Where:
g: = total heat
p = density of water
C, = specific heat of water
V = Water volume in the flooded island.

Impacts of discharging island water to the adjacent river can be determined through a
mass balance equation.

Where
C: = final concentration of constituent (Temperature or DO)
Ci = concentration of constituent on the island (Temperature or DO)
C: = concentration of constituent in the river (Temperature or DO)
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Qg = Discharge from the island
= Flow in the river

5.6 Water Temperature Model Results

Temperature modeling was conducted on Webb Tract and Bacon Island for the years
1999 and 2000, and for the period January 1 to September 30, 2001. Due to a lack of
continuous water temperature data for Bacon Island in 1998, only Webb Tract was
modeled that year. The reservoir islands are assumed to be annually evacuated to a
final depth of 3.3 feet (1 meter) and this will be the initial condition at the beginning of
the model simulation on January 1. The operational scenario assumed in this study
would be the filling of Bacon Island starting around January 1 at a rate of 8000 acre-
feet/day or 4033 cfs. This diversion is consistent with the combined maximum monthly
average rate of 4000 cfs given in the In-Delta Storage Program Draft Description of
Alternatives. At this rate, Bacon Island will be filled to a capacity of 108.5 TAF by mid-
January. Once Bacon Island is filled, diversions will commence for Webb Tract at a rate
of 8000 acre-feet/day. Webb Tract will be filled near the end of January bringing the
total storage of the two islands to about 217 TAF. The operational fill scenario is
depicted in Figure 5-12.

5.6.1 Verification Against Year 2000 Data

The water temperature model was tested and compared against data from the year
2000. An actual calibration of the model was not feasible since temperature data from a
flooded Delta Island was not available. Although Franks Tract is the closest system
identical to a flooded island, the levees there have been breached, thereby creating a
flow-through system with temperatures apparently similar to the nearby channels.
Temperatures at Clifton Court Forebay intake also appear to be similar to the adjacent
river system. As a result, meteorological data was applied to the temperature model
and output was computed directly without calibration.

In an effort to verify the model, the computed water temperatures for Webb Tract were
compared to the Stockton Ship Canal as this station would serve as an upper
temperature bound. Bacon Island computed water temperatures were compared to the
Stockton Ship Canal and Old River at Bacon Island, which served as upper temperature
bounds. Other stations including the San Joaquin at San Andreas Landing, San
Joaquin at Prisoners Point and Old River at Holland Cut were plotted as lower
temperature bounds. For the continuous recording temperature stations at San
Andreas Landing, Prisoners Point, Holland Cut, and the Stockton Ship Canal, the data
was converted from hourly to daily averaged values. This would allow equal
comparison to the daily average temperatures computed from the model. The
comparison plot for Webb Tract (Figure 5-13) shows that the computed water
temperatures (blue line) fall within the upper temperature bounds of the Stockton Ship
Canal (orange circles) and the lower bounds of the San Joaquin River at San Andreas
Landing (aqua circles) and Prisoners Point (light blue Xs). Bacon Island computed
temperatures (Figure 5-14) fall within the upper bounds of the Stockton Ship Canal
(orange circles) and Old River at Bacon Island (red circles) and the lower bounds of the
Old River at Holland Cut (purple circles). In the lieu of actual calibration and verification
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data, falling within the upper and lower bound of observed data gives a fair level of
confidence that the temperature model is performing adequately.

5.6.2 Summary of Temperature Modeling Results

A plot of Webb Tract water temperatures for the year 2000 is given in Figure 5-15. The
red line represents computed Webb Tract island water temperatures while the blues
circles are observed San Joaquin at San Andreas Landing temperatures. Also shown is
the temperature difference between Webb Tract island and San Andreas Landing
(magenta line) and Rio Vista air temperatures (green line). As displayed in the plot,
computed island water temperatures are highly dependent on the peaks and dips in air
temperature. A maximum island water temperature of 79.5° F was reached on August
2, 2000, coinciding with the peak air temperature for the month. The average computed
water temperatures for the periods January-December, April-August, and June-August
are 63.6° F, 72.1° F, and 75.2° F respectively. The maximum temperature difference at
Webb Tract is 8.9° F reached on May 23, 2000. The average temperature difference is
in the range of 3° F to 4° F.

Computed Bacon Island water temperatures (red line), along with observed Holland Cut
water (blue circles) and Stockton air temperatures (green line) are shown in Figure 5-
16. The maximum Bacon Island computed daily temperature is 80.1 degrees reached
on August 2, 2000. Average computed daily temperatures are 63.6° F (Jan-Dec), 72.6°
F (Apr-Aug), and 75.8° F (Jun-Aug). The maximum computed daily temperature
difference at Bacon Island was 6.2° F with an average daily temperature difference
between 2° F to 3° F. A summary of statistics for the year 2000 simulation is given in
Table 5-6.

Temperature plots for Webb Tract and Bacon Island for the years 2001 and 1999 are
given in Figures 5-17 to 5-20. A temperature plot for only Webb Tract is given in 1998
(Figure 5-21) due to a lack of continuous temperature data for Bacon Island.
Temperature departures between island temperatures and the adjacent river are fairly
consistent with the departures seen in the observed data in Section 5.4. None of the
years simulated had a maximum temperature difference greater than 20° F, and
therefore would not violate the first criteria of Condition 20b of Decision 1643, which
states:

i.) When the temperature differential between the discharge and receiving
waters is greater than 20° F, there shall be no discharge.

Note that the computed temperature differences are based on a daily averages and
computations with a finer time step may yield higher differences. A summary of
statistics for the years 2001, 1999 and 1998 is given in Tables 5-7 to 5-9.

5.6.3 Summary of Temperature Mass Balance Results

Mass balances were conducted to determine impacts to river temperatures due to
discharging island water back to the channel. Webb Tract and Bacon Island were
analyzed for 2000 and 1999, and only Webb Tract in 1998 due to a lack of continuous
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water temperature data at Bacon Island. Flow data was not yet available for 2001 to
conduct a mass balance on either Bacon Island or Webb Tract for that year. The mass
balance was conducted for the period April 1 to August 31: the period when discharges
to the channel would likely occur. The discharge rate for the mass balance was
assumed to be 4000 cfs, which is consistent with the combined maximum monthly
average rate given in the In-Delta Storage Program Draft Description of Alternatives. A
discharge operation plan was not developed, but rather a constant 4000 cfs was applied
throughout the time window to determine the final river temperature if a discharge were
to occur that day. According to the last three criteria of Condition 20b of Decision 1643:

ii.) When channel water temperature is 55 ° F or higher but less than 66 ° F,
discharge shall not increase channel temperature by more than 4° F.

i) When channel water temperature is 66 ° F or higher but less than 77 ° F,
discharge shall not increase channel temperature by more than 2° F.

iv.) When channel temperature is 77 ° F or higher, discharge shall not increase
channel temperature by more than 1° F.

TABLE 5-6 SUMMARY OF 2000 TEMPERATURES

Webb Tract Bacon Island Webb Tract Bacon Island
Statistic Computed Computed Temperature | Temperature
Temperatures Temperatures Differences Differences
(deg F) (deg F) (deg F) (deg F)
Maximum (Jan-Dec) 79.5 80.1 8.9 6.2
Average (Jan-Dec) 63.6 63.6 3.3 2.6
Average (Apr-Aug) 72.1 72.6 3.8 2.8
Average (Jun-Aug) 75.2 75.8 3.5 2.6
TABLE 5-7 SUMMARY OF 2001 TEMPERATURES
Webb Tract Bacon Island Webb Tract Bacon Island
Statistic Computed Computed Temperature | Temperature
Temperatures Temperatures Differences Differences
(deg F) (deg F) (deg F) (deg F)
Maximum (Jan-Sep) 83.8 83.1 8.5 8.6
Average (Jan-Sep) 66.2 66.3 3.1 2.5
Average (Apr-Aug) 73.7 73.9 4.2 3.2
Average (Jun-Aug) 76.8 76.8 4.3 2.8
TABLE 5-8 SUMMARY OF 1999 TEMPERATURES
Webb Tract Bacon Island Webb Tract Bacon Island
Statistic Computed Computed Temperature | Temperature
Temperatures Temperatures Differences Differences
(deg F) (deg F) (deg F) (deg F)
Maximum (Jan-Dec) 80.6 79.9 8.0 7.9
Average (Jan-Dec) 62.6 62.6 3.3 2.7°
Average (Apr-Aug) 68.6 69.6 3.0 2.8
Average (Jun-Aug) 71.8 72.3 2.3 15

! Difference is taken form February 23, 1999 to December 31, 1999
2 Difference is taken from February 25, 1999 to December 31, 1999
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TABLE 5-9 SUMMARY OF 1998 WEBB TRACT TEMPERATURES

Webb Tract Computed | Webb Tract Temperature
Statistic Temperatures (deg F) Differences (deg F)
Maximum (Jan-Dec) 80.2 5.6
Average (Jan-Dec) 63.0 X
Average (Apr-Aug) 70.9 3.2
Average (Jun-Aug) 74.2 2.2°

X - Not available due to limited observed data
! Average temperature difference taken from period April 1 — July 22, 1998
2 Average temperature difference taken from period June 1 — July 22, 1998

The mass balance plot for Webb Tract for the year 2000 is shown in Figure 5-22.
Shown on the mass balance plot is computed Webb Tract water temperature (red line),
San Joaquin at San Andreas Landing temperatures (blue circles), Webb Tract
discharges (brown triangles) and San Joaquin at Jersey Point flows (green line). Also
shown is the final river water temperature (yellow line) and temperature increase
(magenta line). Due to missing flow data at Jersey Point, the mass balance could be
performed only in May and August. The year 2000 has flows at Jersey Point fluctuating
between positive and negative values. The maximum temperature increase occurs on
May 22, 2000 when the flow becomes zero and dilution effects are minimized. During
the higher flow periods (mid-May), the final river temperatures are close to the initial
river temperature as dilution effects are dominant. The average temperature increase
of the mass balance during the April 1 to August 31 period is 2° F. The last 3 criteria of
Decision 1643, Condition 20b will not be analyzed due to the large period of missing
flow data between early June and early August.

The Bacon Island mass balance is given in Figure 5-23 showing computed water
temperatures (red line), observed Old River at Holland Cut temperatures (blue circles),
Old River at Bacon Island flows (green line), and Bacon Island discharges (brown
triangles). In 2000, Old River at Bacon Island had fairly low flows with most of the
values being negative during the April to August period. As is the case with Webb
Tract, the highest temperature increases upon discharge (magenta line) occurred during
periods of zero flow. The computed average April to August temperature increase is
1.8° F. A summary of the 2000 temperature mass balance is given in Table 5-10.

The last three criteria of Condition 20b will now be applied to the Bacon Island mass
balance. On inspection of Figure 5-23, when the Holland Cut water temperatures are
between 55° F and 66° F, average temperature increases were lower than 4° F.
Although temperatures did exceed 4° F a few instances, especially when Holland Cut
flows went to zero, on average, temperature increases were below 4° F. Aside from a
short period in early August, when water temperatures were above 77° F, Old River at
Holland Cut would remain in the 66° F to 77° F temperature regime. On average
temperature increases would be limited to about 2° F, however increases may be more
as Holland Cut flows approach zero.

Mass balance plots for Webb Tract and Bacon Island for 1999 are displayed in Figures
5-24 and 5-25. On inspection of Figure 5-24, water temperature at the San Joaquin at
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San Andreas Landing (green line) is below 66° F until late May 1999. During this
period, temperature increases (magenta line) are below 4° F. As water temperatures at
San Andreas Landing increase to the 66° F to 77° F regime, the average temperature
increase, in general, is less than 2° F. The exception is a brief period in late June when
Jersey Point flows approach zero accompanied by an increase in Webb Tract island
water temperatures.

The Bacon Island mass balance (Figure 5-25) shows that the water temperature at Old
River at Holland Cut remains below 66° F until late May 1999. It is during this period
that channel temperature increases (magenta line) are highest due to low Bacon Island
flows (green line). The temperature increase (magenta line) during the 55° F and 66° F
temperature regime straddles the 4° F limit and sometimes exceeds it during periods of
zero flows. As Holland Cut water temperatures climb to the 55° F and 66° F regime, the
final channel temperature increases (magenta line) diminish as Old River flows increase
(green line) and the water temperature difference between Bacon Island (red line) and
Holland Cut (blue circles) decrease. A summary of the 1999 mass balances is given in
Table 5-11.

TABLE 5-10 SUMMARY OF 2000 TEMPERATURE MASS BALANCE

Webb Tract | Baconls. | Webb Tract | Baconls. | Webb Tract | Bacon Is.
Statistic Observed Observed Computed | Computed Channel Channel
Channel Channel Channel Channel Temp Temp
Temp Temp Final Temp | Final Temp Increase Increase
(deg F) (deg F) (deg F) (deg F) (deg F) (deg F)
Maximum 74.7 78.1 78.3 79.0 6.3 4.9
(Apr-Aug)
Average 68.3 69.9 70.8" 71.7 2.0 1.8
(Apr-Aug)

' April ~August average of available data, limited by available flow data

The 1998 mass balance for Webb Tract is given in Figure 5-26. As shown in the mass
balance plot, flows on the San Joaquin River at Jersey Point (green line) exceed the
Webb Tract discharge rate (brown line) of 4000 cfs for most of the time window. Due to
the high flows at Jersey Point, temperature increases (magenta line) to the channel are
minimized due to high dilution effects. Final water temperatures in the channel (yellow
line) are close to the initial temperatures (blue circles). A summary of the 1998 Webb
Tract mass balance is given in Table 5-11.

TABLE 5-11 SUMMARY OF 1999 TEMPERATURE MASS BALANCE

Webb Tract | Baconls. | Webb Tract | Baconls. | Webb Tract | Bacon Is.
Statistic Observed Observed Computed | Computed Channel Channel
Channel Channel Channel Channel Temp Temp
Temp Temp Final Temp | Final Temp Increase Increase
(deg F) (deg F) (deg F) (deg F) (deg F) (deg F)
Maximum 74.8 78.1 78.3 79.0 7.1 6.8
(Apr-Aug)
Average 66.4 68.2 67.2 69.4 1.0 1.2
(Apr-Aug)
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TABLE 5-12 SUMMARY OF 1998 TEMPERATURE MASS BALANCE

Webb Tract Webb Tract Webb Tract
Statistic Observed Computed Final Channel
Channel Channel Temp
Temp Temp Increase
(deg F) (deg F) (deg F)
Maximum 77.3 77.8 1.0
(Apr-Jul 22)
Average 65.9 65.9 0.4
(Apr-Jul 22)

It should be noted that the mass balances conducted in this study are based on daily
averaged values. Temperature exceedances may occur at a greater frequency if
computations are performed with a finer time step.

5.7 Analysis of Observed Dissolved Oxygen Data

An analysis of observed dissolved oxygen data was conducted to provide a range of DO
concentrations in the Delta and to establish upper and lower bounds. The years 2000,
1999, and 1998 were analyzed. Dissolved oxygen stations are displayed in Figure 5-27
and summarized in Table 5-13. Stations that record dissolved oxygen are less
abundant than water temperature stations, and continuous recording stations are
especially scarce. The closest dissolved oxygen station to Webb Tract is the San
Joaquin River at Antioch. This is a continuous recording station that has been
operational since May 1983. Intermittent DO readings are also taken at Twitchell
Agricultural Drain to the west of Webb Tract. Bacon Island has intermittent DO readings
taken at the Old River at Bacon Island and also at the Bacon Agricultural Drain, but has
no continuous recording stations in its vicinity. Dissolved oxygen concentrations from
the Stockton Ship Canal were also analyzed. The warm water temperatures and
stagnant flows of the Stockton Ship Canal produce low DO concentrations that can
serve as a lower bound along with the agricultural drains. The Stockton Ship Canal with
its great depth (mean depth 22 ft), high turbidity and steep slopes also deters aquatic
plant production thereby hindering photosynthetic oxygen generation. Only a narrow
band of water near the surface receives enough light to support suspended algal
photosynthesis (Jones and Stokes Associates, 1998).

TABLE 5-13 DELTA DISSOLVED OXYGEN STATIONS

Station Name Database Frequency of Period of Record
Source Data Collection

San Joagquin at Antioch IEP Hourly May 1983 — Jun 2001
Old River at Bacon Island WDL Intermittent Nov 1994 — Mar 2001
Twitchell Agricultural Drain WDL Intermittent Jul 1989 — Mar 2001
Bacon Agricultural Drain WDL Intermittent Jan 1990 — Nov 2000
Clifton Court Forebay Inflow WDL Intermittent Jan 1984 - Oct 1994,

Feb 1998 - Dec 2000
Stockton Ship Canal IEP Hourly May 1983 — Sep 2001

Plots of observed dissolved oxygen data are given in Figures 5-28 to 5-30. The plots
are based on hourly DO readings for the continuous stations, and the recorded DO and
times for spot readings. Figure 5-28 shows the year 2000 DO concentrations at Antioch
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(red line), Old River at Bacon Island (magenta squares), Clifton Court Forebay intake
(blue circles), Twitchell Ag Drain (yellow triangles), Bacon Ag Drain (brown Xs), and the
Stockton Ship Canal (orange line). The red line signifies the 6 mg/l exceedance limit as
specified by Condition 19a of Decision 1643. For the year 2000, the DO concentrations
of Antioch, Clifton Court Forebay, and Old River at Bacon Island appear to follow the
same trend ranging from a high DO concentration of about 12 mg/l to a low
concentration of 7.5 mg/l. The DO concentrations are higher in the winter when cooler
water temperatures increase the saturation concentration of dissolved oxygen in water.
Cooler water temperatures also inhibit microbial activity, thereby lowering BOD loads,
and it also slows other chemical reactions dependent on temperature. The reverse
occurs in the summer when higher water temperatures reduce the DO saturation
concentration, increase microbial activity and speed reaction rates, thereby lowering the
overall DO concentration.

The Stockton Ship Canal experienced low levels of DO (about 4 mg/l) early in winter,
but recovered to about 10 mg/l in late April. By mid summer, DO concentrations in the
Ship Canal decreased as low as 3 mg/l in mid summer before increasing with declining
water temperatures in the fall. Occasional high spikes of DO concentrations were
encountered with a maximum DO reading of 14.8 mg/l being recorded in the early
evening of September 8, 2000. The exact cause of the spikes is unknown, but it could
be due to a high level of algal mass flowing in from Mossdale. A temporary high influx
of algal biomass could supersaturate DO concentrations before it settles out of the
euphotic (lighted penetrating) zone and begins decomposing in the water column and
channel bottom causing an increase to the BOD load. As seen in Figure 5-28, the
behavior of DO in the ship canal is unlike that at Antioch, Old River at Bacon Island and
Clifton Court.

The agricultural drains at Twitchell and Bacon Island vary in DO concentration from
about 7 mg/l to a low of 1.64 mg/l at Bacon Island on November 11, 2000. The
agricultural drain data follows no real trend, which is even more apparent in the years
1999 and 1998. In 2000, the average DO concentration of the Twitchell and Bacon
Island agricultural drains is about 5 to 6 mg/l.

In 1999 (Figure 5-29) the DO concentrations at Antioch, Old River at Bacon Island and
Clifton Court Intake are again fairly similar. DO concentrations vary from about 12 to
7.5 mg/l. The Stockton Ship Canal begins the year with DO concentrations about 10
mg/l and steadily decreases through the summer reaching a low of 1.8 mg/l in early
October 1999. Bacon agricultural drain data appears scattered jumping from a high
value of 9.5 mg/l on August 4 to a low value of 3.5 on September 7. Ignoring the first
data point, Twitchell Ag Drain appears to start the year around 11 mg/l before dropping
to 4 mg/l to 5 mg/l by mid-year and holding there until year’s end.

In 1998, (Figure 5-29) the DO concentrations at Antioch and the Stockton Ship Canal
are fairly similar until mid-year. This can be attributed to the high flows that occurred on
the San Joaquin River that year. Old River at Bacon Island DO concentrations are
similar to 2000 and 1999, varying between 11 mg/l to 7.5 mg/l. Clifton Court Forebay
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intake appears to follow the same trend as Antioch. The Stockton Ship Canal falls
below 6 mg/l DO for a brief period between mid-August and mid-September. Bacon
and Twitchell agricultural drain DO concentration average about 5 to 6 mg/l through the
year.

5.8 The Island Dissolved Oxygen Algorithm

An island dissolved oxygen model was developed to study the DO impacts between the
flooded islands and the adjacent river channel. The island dissolved oxygen model was
written in Excel and was linked to the island water temperature model. The island
dissolved oxygen algorithm uses daily computed water temperatures and daily
averaged observed wind speed data, and is based on a daily time step. As in the
temperature model, it assumes complete mixing within flooded islands, thus
concentration gradients of dissolved oxygen will not be considered in this study. Like in
temperature modeling, simulating stratification of dissolved oxygen is not practical
without profile data for calibration and verification purposes. The model was developed
to directly utilize DO data taken from peat soil tank experiments conducted by the
Municipal Water Quality Investigations (MWQI) program. In addition, due to the
preliminary level of this study, the modeling of algae photosynthesis and respiration was
simplified. A more detailed analysis of phytoplankton dynamics would require further
analysis in coordination with the bioproductivity studies being conducted for the In-Delta
Storage Project.

The dissolved oxygen algorithm is based on the fundamental components of the DO
balance equation. The components are displayed in Figure 5-31 and the DO balance is

given by:
DO=DOsit+ R- S+ A

Where:
DO = the DO concentration at the current time step
DOsa: = is the DO saturation concentration for a given water
temperature
R = is the DO gained from reaeration
S = is the oxygen sag in the water column and sediments
A = is the net oxygen gain or loss from phytoplankton and

aguatic plants due to photosynthesis and respiration
DO is in units in mg/l/day

The oxygen sag term (S) in the DO balance is a lumped term and represents the
interactions of many different elements. Figure 5-31 displays the sources and sinks of
oxygen in a water body. Sources of oxygen in an enclosed reservoir system include
reaeration at the air-water interface and phytoplankton photosynthesis. Oxygen sinks
include phytoplankton respiration, labile and refractory dissolved organic matter, the
decomposition of detritus, sediment oxygen demand (SOD), and the oxidation of
sulfides, reduced metals and ammonia nitrogen. Dissolved oxygen modeling simulates
the complex dynamics of temperature, sunlight, wind, aquatic life forms (plants, animals
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and microbes), nutrients, dissolved and suspended organic matter, and the interaction
between the water column and sediments. Modeling the dynamics of just one
component of the oxygen balance can be complicated in itself, and may require an
abundance of field data to properly represent the system. For example, modeling
phytoplankton dynamics requires the knowledge of algae growth rate, respiration rate,
mortality rate, and settling rate. The algae growth rate is a function of nutrient
availability (carbon, nitrogen, phosphorus, etc), light intensity and light penetration.
Algae mortality rate involves population size, substrate supply, and predation.

The first component of the DO balance is the dissolved oxygen saturation
concentration. DO saturation is a function of water temperature and salinity. Dissolved
oxygen saturation for fresh water can be computed through:

1.575701x10°  6.642308x107  1.243800x10'°  8.621949 x10*
— + —

In DOs f = —139.34411 +
sf 393 Ta Ta? Ta3 Ta*

Where:
DO¢= Saturated dissolved oxygen concentration in fresh water
a= Temperature of the air (K)

A correction for salinity can be obtained through:

3
7674102 L0754x10" | 21407x10 j

INDOs s= InDOg t — 0.000648( 3
Ta Ta

Where:
DO¢s= Saturated dissolved oxygen concentration with salinity
S = salinity concentration (uS/cm)

Reaeration is a function of the reaeration coefficient and the gradient between the DO
saturation concentration and the actual DO concentration.

Ri= K (DO - DO)

Where:
R= DO gain through reaeration
K = reaeration coefficient (day-1)
DOs = Saturated dissolved oxygen concentration
DO = Actual dissolved oxygen concentration.
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The reaeration coefficient equation used is commonly found in several reservoir water
quality models including HEC-5Q, WQRRS and CE-QUAL-W?2. ltis a function of wind
speed and depth and is given by:

0.64 +0.032 Uw 2
d

K2 =

Where:
K20= Reaeration coefficient at 20° C
Uw=Wind Velocity in m/s
d =water depth in meters

The reaeration coefficient above is for 20° C and most be corrected for the current water
temperature.

(T-20)

K; = K ¥8

Where:
Kt = Reaeration coefficient at T degrees
K20= Reaeration coefficient at 20° C
©=1.024
T = Temperature of the water in °C

The lumped oxygen sag term (S) incorporates all the oxygen demand in the water
column and sediments with the exception of phytoplankton respiration. The lumped
term was used to take advantage of peat soil tank experiments conducted at the MWQI
SMARTS (Special Multipurpose Applied Research and Technology Station) lab facility.
The SMARTS tank experiments (Figure 5-32) involved the collection of peat soil at
Twitchell Island. The peat soil was placed in eight tanks at two different depths: 1.5 or 4
feet. The tanks were flooded to two different depths (2 or 7 feet) and had two water
exchange rates (none or 1.5 times per week). The ninth tank was a control tank that
contained no soil, was flooded to a depth of 11 feet, and had no water exchange. The
tanks were covered to inhibit algae and plant growth and numerous water quality
readings (including DO) were taken over the period January 13, 1999 to January 21,
2000. Although the tanks were covered with tarps, the water did receive oxygen as was
evidenced by the control tank, which was consistently at the saturated DO
concentration. Data from two tanks were investigated for the DO analysis: Tank 5 and
Tank 7. Tanks 5 and 7 were both flooded to the maximum depth of 7 feet and had no
water exchange. Tank 5 had a depth of peat soil of 4 feet and Tank 7 had a peat soil
depth of 1.5 feet. It was determined through the experimental data that Tank 5 had a
dissolved organic carbon (DOC) content of 15 mg/l while Tank 7 had a DOC
concentration of 22 mg/l. It was decided to use the data from both tanks as they would
provide a high and low value for DOC concentration and dissolved oxygen demand.
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Plots of dissolved oxygen concentration versus water temperature were developed and
a best fit curve was generated from the experimental data (Figures 5-33 and 5-34).
According to the best-fit curve, the DO concentration in Tank 5 will vary from about 8.5
mg/l when the water temperature is 50° F to about 3.5 mg/l when the temperature is 80°
F. Tank 7 had a much greater rate of DO consumption. The DO concentration in Tank
7 varied from 6.2 mg/l at 50° F to 1.1 mg/l at 80°F. For this study, it was assumed that
the tank experiments incorporated all the oxygen demand in the water column and
sediments with the exception of algae respiration. The lumped oxygen sag term (S) can
be determined by computing the DO concentration for a given water temperature from
the best fit curve and subtracting it from the saturation DO concentration.

S=D0_ -DO.,,

The last component of the DO balance is the algal term (A). The oxygen generated by
phytoplankton photosynthesis and consumed by phytoplankton respiration can be
determined through:

A= alc] - a,plc]

Where:

A = DO generated or consumed by algae (mg/l/day)

[C] = phytoplankton concentration in mg/l Carbon

o1 = amount of oxygen generated per unit of phytoplankton
photosynthesis = 1.6

i = phytoplankton growth rate at the ambient temperature (day™)

o, =amount of oxygen consumed per unit of phytoplankton
respired = 2.0

p = phytoplankton respiration rate at the ambient temperature
= 0.15 day*

The equation above is the algal DO component found in DSM2 and EPA QUALZ2E. In
the model HEC-5Q, there is also a term for phytoplankton mortality rate. However, in
DSM2 and QUALZ2E, the mortality rate is combined with the respiration term a,. When
given a known algal concentration in mg/lI Carbon, and using the default values for a1,
o, and p, the only unknown in the preceding equation is the phytoplankton growth rate.
The growth rate is a complicated relationship between nutrient concentrations, light
intensity and light penetration. With a lack of measured phytoplankton field data, the
algal growth rate (i) is simply a parameter used to calibrate computed DO
concentrations with observed DO concentrations.

Estimates of phytoplankton concentrations were provided by bioproductivity studies of

the In-Delta Storage Project. The phytoplankton concentrations were provided in the
form of curves of algae concentration versus Julian day. The phytoplankton curves are
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displayed in Figure 5-35 and give daily concentrations of carbon for low (10 mg/m® or
10 pg/l), medium (20 mg/m? or 20 pg/l) and high chlorophyll (50 mg/m?* or 50 pg/l)
levels.

The phytoplankton curves were applied to Algae DO equation using a growth rate () of
0.7. The final DO concentration for Webb Tract for the year 2000 was computed
through the DO balance and the results are shown in Figure 5-36. The plot in Figure 5-
36 assumed a Tank 5 oxygen demand and displays the DO concentrations for the case
of no algae and low, medium and high algal levels. The DO concentrations vary from 9
mg/l to 4 mg/I for the no algae case to about 20 mg/I to 25 mg/I for the high algal case.
Dissolved Oxygen for the low algal case borders on saturation concentration (11 mg/l-
8mg/l) while the medium and high algal levels are supersaturated. Note that DO
concentrations can be much higher if the phytoplankton growth rate is increased, or
lower if the growth rate is decreased.

5.9 Dissolved Oxygen Model Results

Dissolved oxygen modeling was conducted on Webb Tract and Bacon Island for the
years 2000 and 1999 and for Webb Tract in 1998. Filling operations for the reservoir
islands are the same as in the temperature modeling (Figure 5-11). The dissolved
oxygen stations used to represent the channel adjacent to the island are given in Table
5-14.

TABLE 5-14 DISSOLVED OXYGEN STATION ASSIGNMENTS

Webb Tract Period Used Bacon Island Period Used

San Joaquin at Antioch (1998-2000) Old River at Bacon Island (1999-2000)

5.9.1 Verification Against Year 2000 Data

Results of the dissolved oxygen algorithm were compared to observed DO
measurements from the year 2000. The stations analyzed were Clifton Court Forebay
Intake, Old River at Bacon Island, the San Joaquin River at Antioch, the Stockton Ship
Canal, and the agricultural drains at Twitchell Island and Bacon Island. The following
assumptions were made in the verification exercise:

1. The DO model was assigned an oxygen demand from SMARTS Experiment
Tank 5

2. The two phytoplankton conditions analyzed would be no algae and low algae

3. Computed DO concentrations for Webb Tract would be adjusted to match Clifton

Court Forebay intake and the San Joaquin River at Antioch using Tank 5 oxygen
demand and low algae levels (10 mg/m?® of Chlorophyll).

4. Computed DO concentrations for Bacon Island would be adjusted to match
Clifton Court Forebay intake and the Old River at Bacon Island using Tank 5
oxygen demand and low algae levels (10 mg/m?® of Chlorophyll).

5. DO concentration drops due to sudden algae die off would not be modeled.

Adjustments were made to the algal growth rate parameter (i) until the computed DO
compared favorably with the observed DO. The assumption of which SMARTS tank
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and algal level to use and what DO station to compare against was based entirely on
engineering judgment. Due to a lack of actual DO calibration data for a flooded
reservoir island, the results of the DO analysis should be considered preliminary.
Additional studies should be conducted to more accurately model the oxygen demand
due to organic loading and to model the phytoplankton dynamics of the system.

The results of the DO model for Webb Tract are shown Figure 5-37. Shown on the plot
is computed DO for the no algae case (blue line) and low algae case (light blue
squares), and observed DO for Antioch (red circles), Clifton Court (purple triangles),
Stockton Ship Canal (orange crosses, daily averaged values) and Twitchell Ag Drain
(magenta xs). The algal growth rate was adjusted until computed Webb Tract DO
concentrations closely matched the observed DO concentrations at Antioch and Clifton
Court Forebay. The computed DO concentrations for the low algae case ranged from
about 11 to 7.5 mg/l and compared favorably to Antioch and Clifton Court.
Concentrations of dissolved oxygen are well above the 6 mg/l limit as specified in
Condition 19a of Decision 1643. The DO concentration of the no algae case varied
from 9 mg/l to 4 mg/l. The low DO concentration of 4 mg/l of the no algae case is
consistent with the low DO concentrations of Twitchell Ag Drain and the Stockton Ship
Canal. Exceedances of the 6 mg/I limit occur sporadically from late March to early May
before finally dropping below 6 mg/l and remaining there until mid October.

Figure 5-38 shows the computed DO concentrations for Bacon Island. Using the same
algal growth rate as used in Webb Tract, computed DO concentrations for the low algal
case (light blue squares) compared favorably with Clifton Court Forebay (purple
triangles) and Old River at Bacon Island (red circles). For the low algal case, the DO
concentrations at Bacon Island range from about 11.5 mg/l to 7.5 mg/l and remain
above the 6 mg/l limit. The low DO concentrations of the no algae case (blue line) are
consistent with the low DO concentrations of the Stockton Ship Canal (orange crosses).

Figures 5-39 and 5-40 show the computed DO concentration using the same algal
growth rate, but now using Tank 7 oxygen demand. The two plots are similar in
appearance. The DO concentrations at both Webb Tract and Bacon Island decreased
and now range from about 10 mg/l to 5.5 mg/l for the low algal case. The 6 mg/l limit is
violated briefly in mid August and then again from early September to early October.
The no algae case violates the 6 mg/l limit in early March and remains in exceedance
until late November.

5.9.2 Summary of Dissolved Oxygen Modeling Results

Plots of computed DO for Tanks 5 and 7, and no algae and low algal levels, were
developed for Webb Tract and Bacon Island in 1999, and just for Webb Tract in 1998.
The plots can be found in Appendix 5A in Figures 5A-1 to 5A-6. A summary of the DO
plots is given in Tables 5-15 to 5-20. According to Condition 19a of Decision 1643:

Permittee shall not discharge water from the reservoir islands if the water discharged

has a dissolved oxygen level of less than 6.0 mg/l or would depress the dissolved
oxygen level in the adjacent channel of the Delta to less than 5.0 mg/l, or would depress
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the dissolved oxygen level in the reach of the San Joaquin River between Turner Cut
and Stockton to less than 6.0 mg/l during September through November.

For the purpose of this study, the case of Tank 5 oxygen demand and low algal levels
can serve as upper bounds for DO concentrations. The case of Tank 7 oxygen demand
and no algae conditions can serve as a lower DO bounds. According to the summary
tables, exceedances of the 6 mg/l limit for the Delta Island DO will occur most frequently
for high organic loadings (Tank 7) and no algae growth. As algal growth increases,
dissolved oxygen concentrations will also increase. However, this analysis does not
account for massive algal die off which may occur for a variety of reasons including a
decrease in nutrients, introduction of toxins, a change in the environment, or a shift in
water chemistry. A massive die off would lead to an increase in organic loading and a
decrease in dissolved oxygen.

Be aware that the results of the DO analysis are based on daily averaged values.
During a 24- hour period, DO concentrations associated with phytoplankton will undergo
diurnal swings as photosynthesis occurs during the day and respiration during the night.
The amplitude of the swings depends on the level of algae growth. Higher levels of
algae will generate more oxygen during the day, but will also respire more during the
night as opposed to lower levels of algae. Therefore, it is possible that significant drops
in DO concentration will occur during the night depending on algae concentrations. A
daily time step model will not account for the diurnal fluctuations in DO and more
exceedances to Condition 19a may occur with a finer time step.

TABLE 5-15 SUMMARY OF 2000 DO CONCENTRATION (TANK 5)

Webb Tract Bacon Island Webb Tract Bacon Island

Statistic Computed Computed Computed Computed

DO (mg/l) DO (mgl/l) DO (mg/l) DO(mg/l)

No Algae No Algae Low Algae Low Algae
Minimum (Jan-Dec) 4.0 4.0 7.6 7.6
Average (Jan-Dec) 6.5 6.5 9.6 9.6
Average (Apr-Aug) 5.2 5.1 8.7 8.8
Average (Jun-Aug) 4.8 4.7 8.4 8.5

TABLE 5-16 SUMMARY OF 2000 DO

CONCENTRATION (TANK 7)

Webb Tract Bacon Island Webb Tract Bacon Island

Statistic Computed Computed Computed Computed

DO (mg/l) DO (mg/l) DO (mg/l) DO(mg/l)

No Algae No Algae Low Algae Low Algae
Minimum (Jan-Dec) 2.1 2.1 5.5 5.5
Average (Jan-Dec) 4.4 4.3 7.5 7.4
Average (Apr-Aug) 3.0 2.9 6.6 6.5
Average (Jun-Aug) 2.7 2.7 6.5 6.4
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TABLE 5-17 SUMMARY OF 1999 DO CONCENTRATION (TANK 5)

Webb Tract Bacon Island Webb Tract Bacon Island

Statistic Computed Computed Computed Computed

DO (mg/l) DO (mg/l) DO (mg/l) DO(mg/l)

No Algae No Algae Low Algae Low Algae
Minimum (Jan-Dec) 3.9 3.9 7.8 7.9
Average (Jan-Dec) 6.7 6.7 9.8 9.8
Average (Apr-Aug) 5.7 5.6 9.3 9.1
Average (Jun-Aug) 5.3 5.2 9.0 8.9

TABLE 5-18 SUMMARY OF 1999 DO

CONCENTRATION (TANK 7)

Webb Tract Bacon Island Webb Tract Bacon Island

Statistic Computed Computed Computed Computed

DO (mg/l) DO (mgl/l) DO (mg/l) DO(mg/l)

No Algae No Algae Low Algae Low Algae
Minimum (Jan-Dec) 1.9 1.9 5.5 5.6
Average (Jan-Dec) 4.5 4.5 7.6 7.6
Average (Apr-Aug) 3.5 3.4 7.0 6.9
Average (Jun-Aug) 3.1 3.1 6.8 6.8

TABLE 5-19 SUMMARY OF 1998 WEBB TRACT DO CONCENTRATION (TANK 5)

Webb Tract Webb Tract
Statistic Computed DO (mg/l) Computed DO (mg/l)
No Algae Low Algae
Minimum (Jan-Dec) 3.8 7.3
Average (Jan-Dec) 6.6 9.7
Average (Apr-Aug) 5.3 9.0
Average (Jun-Aug) 4.9 8.6

TABLE 5-20 SUMMARY OF 1998 WEBB TRACT DO CONCENTRATION (TANK?7)

Webb Tract Webb Tract
Statistic Computed DO (mg/l) Computed DO (mg/l)
No Algae Low Algae
Minimum (Jan-Dec) 1.9 5.4
Average (Jan-Dec) 4.4 7.5
Average (Apr-Aug) 3.0 6.7
Average (Jun-Aug) 2.8 6.5

5.9.3 Summary of Dissolved Oxygen Mass Balance Results

Mass balances were conducted to determine DO impacts due to discharging island
water back to the channel. Webb Tract and Bacon Island were analyzed for 2000 and
1999, and only Webb Tract in 1998. Like the temperature mass balance, computations
were performed for the period April 1 to August 31. The discharge rate for the mass
balance was assumed to be 4000 cfs.

Figure 5-41 shows the mass balance plot for Webb Tract for the year 2000, assuming
Tank 5 oxygen demand and no algae. Shown on the mass balance plot is the
computed Webb Tract DO concentration (light blue triangles), San Joaquin at Antioch
DO (blue circles), Webb Tract discharges (brown triangles), San Joaquin at Jersey
Point flows (green line), and the final river DO (magenta diamonds). The red line
represents the 5 mg/l channel exceedance limit defined in Condition 19a. Due to
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missing flow data at Jersey Point, the mass balance could be performed only in May
and August. As demonstrated in the temperature mass balance, the greatest impacts to
the channel occur when the flow reverses and becomes zero. In the low algae case
(Figure 5-42), the presence of phytoplankton has elevated island DO concentrations
comparable to river levels. Impacts to river DO concentrations, for this case, are
negligible regardless of the flow level.

Similar mass balance plots were created for Webb Tract using Tank 7 oxygen demand
and no algae (Figure 5-43) and low algae (Figure 5-44). In the no algae case, the
computed island DO is below the 5 mg/l exceedance limit for the entire time window.
For this reason, exceedances to the final channel DO concentration are shown to occur
more frequently than in the Tank 5, no algae case. In the Tank 7, low algae case, the
spread between the island and river DO is more pronounced than in the Tank 5 case.
However, exceedances do not occur until early August when the island DO falls below
the 6 mg/I limit.

The mass balance plots for Bacon Island for the year 2000 are given in Figures 5-45 to
5-48. Due to a lack of a continuous recording DO station near Bacon Island, the mass
balance plot is limited to a few points. However, the plots are still shown for
completeness. They same trends that were seen at Webb Tract are also seen at Bacon
Island. Mass balance plots for Webb Tract and Bacon Island for 1999 are presented in
Figures 5A-7 to 5A-14 in Appendix 5A. The mass balance for Webb Tract for 1988 is
given in Figures 5A-15 to 5A-18 in the appendix. A summary of the mass balance
results is given in Tables 5-21 to 5-26 for Webb Tract. Bacon Island results are not
summarized due to a lack of data points.

Determining whether the DO level in the channel would be depressed below 5 mg/l can
be analyzed by a mass balance. The issue on impacting the DO concentrations
between Turner Cut and Stockton is beyond the application of a mass balance. It can
be assumed that if the final DO concentration is above

6 mg/l in the channel, and flows are high, the project will have no impact between
Turner Cut and Stockton. Such will be the case at Webb Tract, when channel DO
concentrations are above 6 mg/l, and flows on the San Joaquin River significantly
exceed the discharges from the reservoir islands. The issue becomes more
complicated when flows are low on the San Joaquin River and

reverse tidal flows occur. Bacon Island is even more complicated, due to the reverse
flows that commonly occur, and the complex system of sloughs that the flows must
navigate before reaching the San Joaquin River. In general, when flows are low and
final DO concentrations upon discharge are between 5 to 6 mg/l, a more sophisticated
river network model like DSM2 should be applied. However, such a model will first
need to be calibrated for DO for the Delta island region.

162



TABLE 5-21 SUMMARY OF 2000 DO MASS BALANCE FOR WEBB TRACT
TANK 5 OXYGEN DEMAND

Webb Tract Webb Tract Webb Tract Webb Tract Webb Tract
Statistic Observed Comp. Island | Comp. Channel | Comp. Island | Comp. Channel
Channel DO (mg/l) Final DO (mg/l) DO (mg/l) Final DO (mg/l)
DO (mg/l) (No Algae) (No Algae) (Low Algae) (Low Algae)
Minimum 7.5 4.0 4.6 7.6 7.6
(Apr-Aug)
Average 8.4 5.2 6.8" 8.7 8.5"
(Apr-Aug)
Average 8.1 4.8 6.2 8.4 8.1°
(Jun-Aug)

T April —August average of available data, limited by available flow data
2 June —August average of available data, limited by available flow data

TABLE 5-22 SUMMARY OF 2000 DO MASS BALANCE FOR WEBB TRACT
TANK 7 OXYGEN DEMAND

Webb Tract Webb Tract Webb Tract Webb Tract Webb Tract
Statistic Observed Comp. Island | Comp. Channel | Comp. Island | Comp. Channel
Channel DO (mg/l) Final DO (mg/l) DO (mg/l) Final DO (mg/l)
DO (mg/l) (No Algae) (No Algae) (Low Algae) (Low Algae)
Minimum 7.5 2.1 2.4 55 6.2
(Apr-Aug)
Average 8.4 3.0 57" 6.6 7.5
(Apr-Aug)
Average 8.1 2.7 5.2° 6.5 7.0°
(Jun-Aug)

' April —August average of available data, limited by available flow data
% June —August average of available data, limited by available flow data

TABLE 5-23 SUMMARY OF 1999 DO MASS BALANCE FOR WEBB TRACT
TANK 5 OXYGEN DEMAND

Webb Tract Webb Tract Webb Tract Webb Tract Webb Tract
Statistic Observed Comp. Island | Comp. Channel | Comp. Island | Comp. Channel
Channel DO (mg/l) Final DO (mg/l) DO (mg/l) Final DO (mg/l)
DO (mg/l) (No Algae) (No Algae) (Low Algae) (Low Algae)
Minimum 7.3 3.9 4.8 7.8 7.7
(Apr-Aug)
Average 8.6 5.7 7.2" 9.3 9.0"
(Apr-Aug)
Average 8.1 5.3 6.4° 9.0 8.5°
(Jun-Aug)

' April —August average of available data, limited by available DO data
% June —August average of available data, limited by available DO data
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TABLE 5-24 SUMMARY OF 1999 DO MASS BALANCE FOR WEBB TRACT
TANK 7 OXYGEN DEMAND

Webb Tract Webb Tract Webb Tract Webb Tract Webb Tract
Statistic Observed Comp. Island | Comp. Channel | Comp. Island | Comp. Channel
Channel DO (mg/l) Final DO (mg/l) DO (mg/l) Final DO (mg/l)
DO (mg/l) (No Algae) (No Algae) (Low Algae) (Low Algae)
Minimum 7.3 1.9 3.0 5.5 6.1
(Apr-Aug)
Average 8.6 35 6.1" 7.0 7.8
(Apr-Aug)
Average 8.1 3.1 5.1 6.8 7.3°
(Jun-Aug)

' April —August average of available data, limited by available DO data
2 June —August average of available data, limited by available DO data

TABLE 5-25 SUMMARY OF 1998 DO MASS BALANCE FOR WEBB TRACT
TANK 5 OXYGEN DEMAND

Webb Tract Webb Tract Webb Tract Webb Tract Webb Tract
Statistic Observed Comp. Island | Comp. Channel | Comp. Island | Comp. Channel
Channel DO (mg/l) Final DO (mg/l) DO (mg/l) Final DO (mg/l)
DO (mg/l) (No Algae) (No Algae) (Low Algae) (Low Algae)
Minimum 7.2 3.8 5.0 7.3 7.5
(Apr-Aug)
Average 8.3 5.3 75" 9.0 8.4"
(Apr-Aug)
Average 7.7 4.9 6.6° 8.6 7.9°
(Jun-Aug)

! April —August average of available data, limited by available DO data
% June —August average of available data, limited by available DO data

TABLE 5-26 SUMMARY OF 1998 DO MASS BALANCE FOR WEBB TRACT
TANK 7 OXYGEN DEMAND

Webb Tract Webb Tract Webb Tract Webb Tract Webb Tract
Statistic Observed Comp. Island | Comp. Channel | Comp. Island | Comp. Channel
Channel DO (mg/l) Final DO (mg/l) DO (mg/l) Final DO (mg/l)
DO (mg/l) (No Algae) (No Algae) (Low Algae) (Low Algae)
Minimum 7.2 1.9 3.6 54 6.3
(Apr-Aug)
Average 8.3 3.0 7.0" 6.7 7.9°
(Apr-Aug)
Average 7.7 2.8 5.9° 6.5 7.2°
(Jun-Aug)

' April —August average of available data, limited by available DO data
% June —August average of available data, limited by available DO data
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5.10 Conclusions and Recommendations

Water temperature and dissolved oxygen was analyzed at Bacon Island and Webb
Tract to determine the environmental impacts of the In-Delta Storage Project. Water
temperature and DO requirements for the In-Delta Storage project are specified in State
Water Resources Control Board Decision 1643. The analysis was conducted by
examining observed data and performing water temperature and dissolved oxygen
modeling. The modeling was conducted with a daily timestep using daily averaged
meteorological, flow and water quality data. Results of this study indicated:

1. An analysis of the 1998-2001 observed data did not show a 20° F difference
between any of the water temperature stations investigated. The data at the stations
investigated were hourly and also instantaneous spot readings. Exceedances of
Condition 20b (i) did not seem likely to occur for this time period.

2. The computer modeling did not show a 20° F difference between the computed
island water temperature and the water temperature of the closest channel recording
station. The years examined were 1998-2001. Again, exceedances of Condition 20b (i)
did not seem likely to occur for this time period.

3. The heat budget model indicated that for the years 1998-2001, the water
temperature difference between the storage islands and the channel ranged from 1° F
to 9° F. Higher temperature differences could lead to potential exceedances of
Condition 20b (ii. — iv.) depending on flow conditions in the channel. The water
temperature differences were based on daily averaged values.

4. An analysis of observed dissolved oxygen data from 1998-2000 showed that DO
concentrations are lowest during the summer when water temperatures are the highest.
The data at the stations investigated were hourly and also instantaneous spot readings.
Exceedances to Condition 19a are most likely to occur in the summer.

5. The dissolved oxygen model was based on oxygen demand data from the SMARTS
peat soil tank experiments. The model showed that DO concentration, based on the
SMARTS data, 1998-2000 meteorological data, and the lack of algae photosynthesis,
could drop well below the 6 mg/l exceedance limit of Condition 19a. The addition of
phytoplankton could increase DO levels, but the exact increase is unknown until further
algae studies are conducted.

6. The temperature and DO mass balances showed that impacts to channel water
temperature and DO are highly dependent on channel flow. Higher channel flows will
increase the dilution effects and offset any temperature and DO increases due to
discharging from the islands. Dilution is more likely to occur at Webb Tract where
higher channel flows occur more frequently on the San Joaquin River. Flows on the Old
River near Bacon Island are much lower and often reverse direction for much of the
year as observed in the 1998-2000 flow data. Channel water temperature exceedances
due to island discharge are specified in Condition 20b (ii. — iv.) and 19a.
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7. Temperature and DO exceedances to Condition 20b (ii. — iv.) and 19a are most likely
to occur during flow reversals when the net flow in the channel goes to zero.

The results this report are not intended to be final and conclusive, but rather it should
provide insight on the temperature and DO behavior within the island system and the
possibility of exceedances to Conditions 20b and 19a of SWRCB Decision 1643.
Additional studies should be conducted in the following areas:

1. A more thorough analysis to model the algae dynamics of the system. This would
involve field studies and detailed modeling work with more advanced numerical water
quality models.

2. The issue on impacting the DO concentrations between Turner Cut and Stockton is
beyond the application of a mass balance. When flows are low and final DO
concentrations upon discharge are between 5 to 6 mg/l, a more sophisticated river
network model like DSM2 should be applied. However, such a model will first need to
be calibrated for DO for the Delta island region.

3. Profile data of water temperature and dissolved oxygen from a flooded Delta island
should be collected over a year or more if the issue of stratification is of interest.

4. It did not appear that the difference in water temperature between the island and
channel would exceed 20° F (Condition 20b i.) in a normal weather year. A critical
weather year, with abnormally high air temperatures, should also be examined. It may
be necessary to purchase the meteorological data from NOAA before this can be
undertaken. A heat budget analysis is extremely data intensive and the period of record
analyzed is dependent on available meteorological data.
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Appendix 5A

Figure 5-1 Delta Meteorological and Flow Stations
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Figure 5-2 Stockton Air Temperatures
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Figure 5-3 Rio Vista Air Temperatures
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Figure 5-4 San Joaquin at Jersey Point Flows
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Figure 5-5 Old River at Bacon Island Flows
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Figure 5-6 Delta Water Temperature Stations
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Figure 5-7 2000 Delta Water Temperatures

2000 Delta Island Temperatures
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Figure 5-8 2001 Delta Water Temperatures
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Figure 5-9 1999 Delta Water Temperatures
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Figure 5-11 Heat Budget Schematic
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Figure 5-12 Webb Tract and Bacon Island Fill Operations
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Figure 5-13 Webb Tract Water Temperature Model Verification

Webb Tract
Jan - Dec 2000
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Figure 5-14 Bacon Island Water Temperature Model Verification

Bacon Island
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Figure 5-15 Webb Tract Temperature Differences for 2000

Webb Tract Water Temp
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Figure 5-16 Bacon Island Temperature Differences for 2000

Bacon Island Water Temp
Jan - Dec 2000
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Figure 5-17 Webb Tract Temperature Differences for 2001

Webb Tract Water Temp
Jan - Dec 2001
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Figure 5-18 Bacon Island Temperature Differences for 2001
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Figure 5-19 Webb Tract Temperature Differences for 1999

Webb Tract Water Temp
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Figure 5-20 Bacon Island Temperature Differences for 1999

Bacon Island Water Temp
Jan - Dec 1999
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Figure 5-21 Webb Tract Temperature Differences for 1998
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Figure 5-22 Webb Tract Temperature Mass Balance for 2000
Webb Tract Channel Temperature Mass Balance
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Figure 5-23 Bacon Island Temperature Mass Balance for 2000

Bacon Channel Temperature Mass Balance
April - August 2000
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Figure 5-24 Webb Tract Temperature Mass Balance for 1999

Webb Tract Temperature Mass Balance
April - August 1999
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Figure 5-25 Bacon Island Temperature Mass Balance for 1999

Bacon Channel Temperature Mass Balance
April - August 1999
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Figure 5-26 Webb Tract Temperature Mass Balance for 1998
Webb Tract Channel Temperature Mass Balance
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Figure 5-27 Delta Dissolved Oxygen Stations
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Figure 5-28 2000 Delta Dissolved Oxygen Concentrations

Dissolved Oxygen at Delia Stations
Jan - Dec 2000
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Figure 5-29 1999 Delta Dissolved Oxygen Concentrations
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Figure 5-30 1998 Delta Dissolved Oxygen Concentrations

Dissolved Oxygen at Delta Stations
Jan - Dec 1998
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Figure 5-31 Dissolved Oxygen Schematic
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Figure 5-32 SMARTS Tank Experiment
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Figure 5-33 Tank 5 Dissolved Oxygen Concentrations
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Figure 5-34 Tank 7 Dissolved Oxygen Concentrations
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Figure 5-35 Phytoplankton Curves
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Figure 5-36 DO for Different Phytoplankton Concentrations
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Figure 5-37 Webb Tract DO Plot, Tank 5 Water Quality for 2000

Webb Tract Dissolved Dxygen
Tank 5 WQ, Jan - Dec 2000
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Figure 5-38 Bacon Island DO Plot, Tank 5 Water Quality for 2000

Bacon Island Dissolved Dxygen
o Tank 5 WQ, Jan - Dec 2000
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Figure 5-39 Webb Tract DO Plot, Tank 7 Water Quality for 2000
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Figure 5-40 Bacon Island DO Plot, Tank 7 Water Quality for 2000

Bacon Island Dissolved Oxygen
S Tank 7 WQ, Jan - Dec 2000
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Figure 5-41 Webb Tract DO Mass Balance for Tank 5, No Algae, Year 2000

Webb Channel DO Mass Balance
April - August 2000, Tank 5 WQ, No Algas
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Figure 5-42 Webb Tract DO Mass Balance for Tank 5, Low Algae, Year 2000

Webb Channel DO Mass Balance
April - August 2000, Tank 5 WQ, Low Chiorophyil
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Figure 5-43 Webb Tract DO Mass Balance for Tank 7, No Algae, Year 2000

Webb Channel DO Mass Balance
April - August 2000, Tank 7 WQ, No Algas
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Figure 5-44 Webb Tract DO Mass Balance for Tank 7, Low Algae, Year 2000

Webb Channel DO Mass Balance
April - August 2000, Tank 7 WQ, Low Chiorophyil
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Figure 5-45 Bacon Island DO Mass Balance for Tank 5, No Algae, Year 2000

Bacon Channel DO Mass Balance
April - August 2000, Tank 5 WQ, No Algas
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Figure 5-46 Bacon Island DO Mass Balance for Tank 5, Low Algae, Year 2000

Bacon Channel DO Mass Balance
April - August 2000, Tank 5 WQ, Low Chiorophyil
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Figure 5-47 Bacon Island DO Mass Balance for Tank 7, No Algae, Year 2000
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Figure 5-48 Bacon Island DO Mass Balance for Tank 7, Low Algae, Year 2000

Bacon Channel DO Mass Balance
April - August 2000, Tank 7 WQ, Low Chiorophyil
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Figure

Do gmghl)

APPENDIX 5A
DISSOLVED OXYGEN FIGURES

(1998-1999)

5A-1 Webb Tract DO Plot, Tank 5 Oxygen Demand for 1999
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Tank 5 WQ, Jan - Dec 1999
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Figure 5A-2 Bacon Island DO Plot, Tank 5 Oxygen Demand for 1999

Bacon Island Dissolved Oxygen
Tank 5 WQ, Jan - Dec 1999
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Figure 5A-3 Webb Tract DO Plot, Tank 7 Oxygen Demand for 1999
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Figure 5A-4 Bacon Island DO Plot, Tank 7 Oxygen Demand for 1999

Bacon lsland Dissolved Oxygen
Tank 7 WQ, Jan - Dec 1999
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Figure 5A-5 Webb Tract DO Plot, Tank 5 Oxygen Demand for 1998
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Figure 5A-6 Webb Tract DO Plot, Tank 7 Oxygen Demand for 1998
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Figure 5A-7 Webb Tract DO Mass Balance for Tank 5, No Algae, Year 1999

DO frmgl)

Webb Channel DO Mass Balance

i April - August 1889, Tank 5 WQ, No Algae

oo

&0

&0

4.0

0

oo

4200 ANGRT 4080 ST SIE0 BNEE G20 TEmD T RSO B0
& Anhoch D0 ‘Wiebl Tract D0 (Ko Alpas) # Firad Webb Trad DO

—a— 5 Jorsey Pt Fiow —i— Wigbh Tract Discharge

198



Figure 5A-8 Webb Tract DO Mass Balance for Tank 5, Low Algae, Year 1999
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Figure 5A-9 Webb Tract DO Mass Balance for Tank 7, No Algae, Year 1999

Webb Channel DO Mass Balance
April - August 1998, Tank 7 WQ, No Algae
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Figure 5A-10 Webb Tract DO Mass Balance for Tank 7, Low Algae, Year 1999

Webb Channel DO Mass Balance
April - August 1899, Tank 7 WaQ, Low Chiorophyil

100

g0

.0

L0 fmgll

4.0

20

on
arMel  4NBSE 45000 HN4G0 ATATE &1198 ATAME  neWl TS Ameg aocne

® Antoch DO Weatib Tract D0 [Low Chi & Final Webb Trac 00
—— S &t Jarsey PL Flaw —— Wb Tract Cischargs

Figure 5A-11 Bacon Island DO Mass Balance for Tank 5, No Algae, Year 1999
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Figure 5A-12 Bacon Island DO Mass Balance for Tank 5, Low Algae, Year 1999

Bacon Channel DO Mass Balance
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Figure 5A-13 Bacon Island DO Mass Balance for Tank 7, No Algae, Year 1999
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Figure 5A-14 Bacon Island DO Mass Balance for Tank 7, Low Algae, Year 1999

Bacon Channel DO Mass Balance
April - August 1893, Tank 7 WQ, Low Chiorophyil

120

oo

oo

4290 ANESS 4000 SN4ME SZ2009 G185 B2AM0 TEMS  TEe aeed  Qiooed
& Bagan |lskerd D0 Becon D (Low Chi) # Fina Becon lland Do

—s— 1l Rever ai Bacon kland Flow —a—Hacon Eland Cischargs

Figure 5A-15 Webb Tract DO Mass Balance for Tank 5, No Algae, Year 1998
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Figure 5A-16 Webb Tract DO Mass Balance for Tank 5, Low Algae, Year 1998

Webb Channel DO Mass Balance
April - August 1898, Tank 5 WaQ, Low Chiorophyil
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Figure 5A-17 Webb Tract DO Mass Balance for Tank 7, No Algae, Year 1998

Webb Channel DO Mass Balance
April - August 1998, Tank 7 WQ, No Algae
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Figure 5A-18 Webb Tract DO Mass Balance for Tank 7, Low Algae, Year 1998

Webb Channel DO Mass Balance
April - August 1998, Tank 7 WaQ, Low Chiorophyil
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